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I’RI-IACI' 


i His woik was wntUn pr^narilv for tlie*us<? of studoats 
who might dt^sifo to g«nn sut;ie insight iittw tin* methods 
and principles oT iiu^islnal oigaiiic an.ilvsis. As the 
first edit^<<n lip|x\ii'' t«» hav' me^ need, the pn’sent 
edition has been 'prepared, tlje op[M)rt unit y liaving been 
•taken to revise the text ami to make adthtions which 
im'lude a cliapter on sugais. descriptions of certain 
recently j'ubli^ied metho^is,^ and reterences to the 
iiteiatnie (d'^lu subjt ct<^atter. 

A sehiction ha^ bren m.^de of su^f! sections of the 
subject as ajjpear to be of tlie greatest general interest 
and which ina\ best be picstmted with "the above- 
mentioned .object :n view! 

For *1110 most part this volume deals with naturally 
occurring substance!^ (A their immediate derfvatives, the 
nivestigation of which possesses a fascination oT its owm 
SuchA'’f>rlv, in which analysis is the primary mctlKKl df 
attack, af4?)rds .ample scope for research, vak^ible both 
from tlic scientific ami the ufllitamn points of view, 
while educationally it prestnts the advantage of a,Jford- 
ing illustrations of the application of theoretical know- 
U^g^o*praetical problems. The proper ijsiderstanding 
of the processes described presupposes thorough train- 
ing in Chemistry, and Physic^, ^d the object has not 
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)>rrn lilt' acquihition oL purelj utilitarian 

, knoNllr<i^’r at tlif df the valualjf features of 

our ( < lirnrul.f • • 

• ^ 

point- }»< iKjfcd ill ronncction with the 

w#»ik nlxn.! 1 iVt. thc‘*unportanre of worHifig with 
fcoi a\ri.ip(' s.mi]>l«s wlicr<-\<‘r possililo. (S?c«, Jor 
r\.iin}iA< , )*p iS aii<l .pg Second, ihe ^act th^ many 
of tin piim ^Ms .to o( a ''emi-cnij)iiiciil|natiire renders 
tin- atiMjtion lo < \p<'iinu'iital detail espcfially im-« 
jMUtaiit , ,it (fu • oii'-titutK^ of ^tlie substances dealt 
with is olieii*( <.niplt \ and imjierfectly ftiiderstood, un- 
sus|M‘(i(il - ol (iroi may* abound. Third, the 

<ulti\Mtiitn <•{ a ol pioportion should f>c aimed 

at . thn^ It wilj Im- um IuI^o estimate how far errors*in 
• the iiihuiK or ineasmmg of the sample will be reflected* 
in the iiLcui.n \ ol the lesulis. On the one hand, waste 
ol time thomi'h mn'dle^^ ^iccuracy iflay be avoided, 
and, on tin othei, it mav be found d(‘S?rable to pay 
>|HS'ial atientioif^.loi example, to temjKTatUR' correc- 
tions m tb« imasmement of lirpiids. to the calibration 
ol measnfln^ vessels oi thermometers. In actual 
ptatiui, >hort cuts’ to the desired information may 
sometimes l)c taken with advantage, but th^rc are 
<l.mg(‘is in dwelling tt»o much this Subject here. 
♦!ention*mav. howt ver. Ik- made of the e.xtreme useful- 
ftess of mu lojt opic examination cither as a preliminary 
test Of means of gaming information which other 
niclluHis lad to le^-|al. r\gain. if will be seen that many 
of tlig methods are designee^ for dealing with particular 
problems, thus diflering from those wliicii aroitaught for 
the analysis^l mixtures of purely arbitrarj^rfljK^iion. 
1‘ouith. the int^iretaiion of results should be made a 
s|x*aal study; here,\also^ special considerations may 
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play an important part. Attention hasibapn’fiven to 
tills side of t^question in*the text. 

In conclusion, I wish to e?#gre^s 1 ny indeb^tednlss to 
Ihe authors of the treatiscs^ind papers mentioned tj^ere, 
and to t»Jt)se firms who hav(*kindly*lent the blocks for 
soije Of^he illustrations. To Messrs. Bolton tS: Kevi 
I am indebted fo^Fig. 14, reproduced from their “•Fatt> 
Foods,” as well |is f(!r many trustworthy data, esjx’cially 
4n connectfon with oils and fats. I have still to thank 
Professor J. ('. lrvine,^h'.K.4p.. for kindly help*and advice 
given to me when ]irt4)aring the first (‘dition of this 
work. 

P.M L S. .\Ki:P. 
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CHAPTER 1 

COAL AND COKE 

iNT^ODUCTORi* 

• • 

CoaE, which is at present th(> most important of the 
sSurccs of energy available for industrial purposes, ftas 
resulted from the mineralisation of the wood of pre- 
historic plants, which has reryaijffcd buried in the crust 
of the earth, atid undergone changes as the result of 
which it has more or less completely j5st its organic 
nature. In availing ourselves of the latent energy stored 
up in the coal, by burning it in our grates and furnaces, 
w'e are, broadly speaking, reversing the processes by 
which th€ plant made use of the radiant cner^ of the 
sun in carrying* out tht Aidothermic changes necessary 
to convert water, carbonic acid and simple miner^ sub- 
stances into complex vegetable tissues. In yiew of the 
complex nature ofithc process of mineralisation df^ood, 
which has resulted in th^ formatil'ln oPcoal, as well as 
the difference in the conditionsmndcr which it must hare 
taken place in different localities, it is hardly j^rprising 
that we thmld^ect with an almost endless f aricty of 
coals, passing by almost imperceptible griflations, from 
the comparatively sqft Inown coab*or lignites, which 

A.1,4. 
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havc*»flll grcfc’rvcd thr fibrous strucfcre-^if the. wood, 
to4he liard. bbek. bliinv adthracit^, vjlfch show con- 
f hoid.»l**frafWJM . but lit tic* evidence of their 

orpinie orifrm 

• ( omposifttm an^iUaswfmathtn of Coals. — Th# chief uses 
► of (oa! at< as ftillowv (i ) 4eam raising? ; ( 2 ) flciusehold 
u«' • (.]) metalhiif^iral and oiIh i niayufacturj|pg ope*ra- 
tions, and for smiths lorj'cs , (.j) pr^cxlurtion of coke, 
gav. tar and ammonia, 

r<»als art- bf<»a<llv classiiu^i arcoiding to their technical 
application#. Vhi( h may Iw deteftniiunl from the results 
of ( hemiral and phvsual t xain^iatiffli. The interpreta** 
turn of thr rosults t^f ,t chyniral analysis («f cotl generally 
falls undrr (>^<t laading^. first, there arc to be^on- 
si<4rr<il Mirh consiiincnts as water, sulphur and minertl 
matter, whuh must be regarded as more or less adven- 
titious impurities, .iml^l^ieh ililute tire coal, reduce it» 
calorifu value or. if present in ( onsid(Tab^ aimmnts, mav 
render it unsiltjable for certain purfioses, i^econd, the 
results of an analysi** <'nable one to classify the coal, and 
to deterftiine approximatoK the uses for which it is l>est 
suited. The soundest metluKl {01 the c^LSsification of 
coals according to their chemical comjH)sitioif has been 
sliowm tS Ik- that which is prfh^rily biRi-d on the per- 
cenlafes of carUm and hydrt»gen calculated on the coal, 
lew water, ^sulphur and ash ; thus, if S «the su^ of the 
percentage? of the water, sulphur and asR found in the 
coal, and C -th# fjert^ntiige o^carlnm found in the coal, 
tl^fn the p<‘rtentagc of aarlwn on tlic coal, less water * 
sulphur and a,sh, wall be given by 
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. 3 . 

The reason fo^ eliminating these constj^uenft^rhm the 
* calculation if that they may vary considerably in ami)unt 
in coals of essentially the sarye t^'pet and yfus the 
percentages f>f carbon and#h\' 4 rogcn, as determined on 
the coa^ itself, to such an exU^nt tha1i»no true compaftsgn 
can b^ made. 

•^hc accompanying table shows how coals arc bjoadiy 
classified into main group*^, on this basis. The 
^lignites and the true anthracites are omitted from the 
scheme. ^ 

Apart from^ t^ie c(^tcnt of more or adventitious 
impurities, such as vfcter, sulphur and ash, the main 
points which«come into consideration in judging of the 
value of a coal for any particular purpose are as 
lin table on page 4. 

The amount of gas and other volatile combustible 
matter formed heating ; l^is determines the suita- 
bility of the ^oal for gas or tar manufacture, and tlic 
length o^ flame on combustion.' The»semi-antliracitic 
and anthracitic coals, which bum eifher with a short 
flame or practically no flame at all (Groups and 5 in 
the above yible), arc mor# difficult to kindle than the 
long flame coals, but give a more intense heat, and pro- 
duce little o& no sn^lft. In these groups afe included 
the well-knox^m M steam coals which arc sa largelyp 
used with marine boilers. Their freedom from smokf 
also rende^ th^ suitable for dr>ing anfl ctujng hops 
and Utah, and for harticultui%l purposes. Generally 
speaking, there is a direct relationship between the per- 
centage of {lydrogen and the length of flame^ which Mb 
decreasQiUi passing from Group 2 to Group^. 

^ TIte nature and amonnt of gas and tar obCunad depend very 
largety on distUlaticp temperttpre* See tli^>ter II. 
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Soxtie coa]| 4 (jroyps 2, 3,and 4) become fiXsed or semi- 
fused on heating or burning ; thesf are rrferi^ to as 

• caking coals. The non-caking^oals, whicl are included 
in Groups i and 5, do not soften i^ this way, so lhat 
the indi^dual lumps remain separate during combustion 
asd provide for a freer access of air than do the caking 
coals. These peftuliarities, as weM as the relative fength 
of the flar^je, mtist l^e taken into account in considering 
•the type of furnace for which fhe coal, is J)est suited. 

' The caking power als^ influences the native of the coke ; 

• •thus, it will he ^otidfed that the non-calcing coals of 

Groups i,an<^ 5 prodifte pulverulent cokes, while thos6 
of proups 2, 3 and 4 all prd&uce iftore or less coherent 
^okes. The condition of the Joke is further affected by 
the amount of gaS formed on heating or combustion, 
which, generally^speaking, varj^s directly with the per- 
*centage of hydrogen. We* accordingly find that in 
passing from Group 2 to Group 4, tljp coke becomes 
denser an 3 less porous. • 

The non-caking coals of Group i differ frogi those of 
Group 5 in burning with a long flame. They are mainly 
used fqf steam raising and are also suitable for gas 
making in some cases.. 

The coak belonging to Groups 2 and 3 ar§ some- 
times referred to as.the “bituminous coals,’* though* 
it shoiild bo understood that they have no connection 
with the* substance kijpwn as,bitupien. The softer 
varieties, which are rich in volatile matter, are included 
in Group 2, and are usually known as Jthe caftmel 
coals ; t^ey s^e generally used for making us, tar and 
ammonia. The coab of Group 3, wbichVieJd mme 
coke than ^ those of the former, group, are used in 
smit^’ forges and* for manii£aycti!ring coke. Gas, tar 
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and ainmonfti arc sometimes, also obtain^ from these 

coals. « ' * 

The true anthracite* a^(! the lignites, which have not 
bee/ dealt with hiyierto, take their places at either end 
ot the scale in the above glassification. Th^ former 
•contain, as a rule, over 93 per cent, of carbon, and KiSS 
hydrol'(‘n than the anrtiracitic coals befonging fo Group 
5 ; they burn without flame, are shihy j^-black ir 
ippearance^ slu:)w conchoidal fracture, and sometime! 
lavo a specific* gravity as hi|h as ^-6. The lignites, or 
:he other hafid, contain less carb<>n ano more hydrogei 
than the coals of Group i ; the/ arc bro\^nist-black ir 
ippearance, compaihtively soft, and show a fibrpui 
itructure j owing to the relatively large amount of wate 
ind mineral matter which they coittain, they have 1 
lower calorific value tlunj the true coalj. Commercially 
they arc of considcrab^*less importafce than th 
latter. ^ 

For further information on this subject, see the Mond- 
graph on Uie Constitution of Coal mentioned at the end 
of this chapter ; the monograph contains a very com- 
plete list of references, and a review of the c*hief systems 
01 classiftontion of coals. * 

• * 

The jelations between the chemical composition of 
rf:oals and their chief properties and uses will be treated 
of in grej^tei* detail when the methods^ for gietermining 
the various constituents arc desgribed. • 

The above classification, ^ind the explanatory remarks 
whidh follojv it, must not be interpreted in too literal 
a sense ; it^s very difficult to place all c^als ^ clearly 
defined groups forming a simple system of classification, 
while their usft, thqugh primarily dependent on their 
chemical cotnpositioif, mu6t, in many cases, largely be 
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determined ^ commercial consideratioife, ^ucB as the 
cost of the coi itself, cost of transport, aijd the vfdue 
of the products obtainable frociytji.l. gas,«tar^ Jmmonia 
or coke), which latter can Wy be satisfactorily <feter- 
mined trials on a manufacturing* scale. It is, how- 
ey#r, generally possible to form an idea of the uses tc^ 
which a«coal ma^^ be put with greatest advantage from 
the results of ^ chimical examination ; and moreover, 
if a certain kind of coal has been found to be suitable 
for a certain purpose, chemical examinStioh will show 
whether subsaqtfent applies are likely to* fulfil the same 
conditions as the origi«al sample. Again, it will always 
be useful to iTavc a check on«the w^ter, ash and sulphur, 
wfiich, if present in large amounts, invariably reduce 
the value of the goal as fuel. The price paM foi* coal • 
for industrial purposes should always be based on the 
results of analysis ; this is ^oi always done in the 
United King 3 om, but the practice is fairly prevalent in 
America.* Tlie official procedure ^ is tq^ultiply the con- 
tract price by the actual calorific value found, and to 
divide it by the value guaranteed by the Vendor ; a 
certain addition to or deduction from the figure thus 
calculated is made according to the percenUgc of ash, 
the scale being steeply graduated with increasing per- 
centages of ash. It should always be borne •in min# 
that 'no ajj^alysis of coal will be of much value unle^ 
carried ptit on Si fair average sample. (See beV)W under 
" Sampling.") 

The table on pages 12 find 13 shows the resijlts of 
analyses, •collected from various sources* (most from 
" Analyses of British Coals and Cokes "), typical coals 
and cokes, and their principal uses ; fogether with the 
U.S, Goololical Survey, l^hlletin No 428. 
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classiftatloij and explanatory remark^ givSn above, it 
may be used as a guide fcJr interfretijig the results 
obtaije^ by'tjie analytic|iljnethods described below. 


* • * • 

Chemical Examinatioh of Coal and Cqke 

Sampling.— In all technical and comipercial analytical 
work, the operation of*taking the saiftplj for analysis is 
of the utmost importance ; in the case of coaPand coke, 
where sucli*lai^e masses ar^ dealt with, this remark 
applies with (^special force ; it is ol^donsithat a carefully 
picked sample ma^ differ very co^sidcffably in composi- 
tion from a sample which hjis been taken systefnatically 
and without prejudice, wi^i the object of ascertaining, 
^ as faj as iiossiffle, the average composjtion of the entire 
mass. Although the sampling of coal and coke can 
hardly be described as a Rbwatory opention, directions 
for systematic sampling are given here, Swing to the 
extreme importance of this operation to the* analyst. 
Whether or not the student has had the opportunity of 
taking his sample from a large mass of material, he 
should, at all events, follow but the latter part of the 
following directions in dealing with the reduced sSLmple. 

^ Quantities of coal or coke, as the case may be, amount- 
ing in all to 2 to 3 cwt., are taken at equal intervals 
during unjogdifig,^ or from all sides as weli as tie interior 
of the heaps, and removed to a place where the material 
will be protected from rain, dampness or direct sunlight. 
The whole is. broken up on a smooth floor into pieces 
about the siz^of apples, well mixed and arr^ged in the 

^ The sabject of umpling of coal deliveries is treated of by 
G. S. Pope, U.S. Bwcatt opMi^es, Bull, ^ 
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[brm of a sqWe'layer about 20 cm. de^.t Di&gonals 
ire marked out^on this squ^e, and the material in ^vo 
)pposite triangles is removed*; •tlje^'emaind^ls^hen 
'earranged info a square, anfl the process repeated ift^til 
ibout 2 w 9 lbs. remain, w^ch are broken into piece? 
ibojt thS size of nuts, and systematically reduced, by 
he proce^ just described, to aboqj 10 lbs. The sample 
hus obtained is^pr^rved in air-tight metal boxes till 
iequired fof use, when it is further. reduced as follows : — 
The whole is well mixed, ^whereupon 500 grams are 
abstracted in sixlf a w^ as to obtain an avemge sample, 
ind reduced to a fine poivder, preferably in a small hand 
nill, so constructed as to avoid loss.of dust during the 
[rinding. A . C. Fieldner ^ recommends the use of a porce- 
iin ball mill for thq final grinding ; if a suitable grifid- 
ng surface is not used, the ash content of the coal may 
>e affected by the abraded jq^tter. A. E. Findley^ 
ecommends breaking the coal into a coarse powder 
jet ween linen ; once broken down, it dp^es not undergo 
increase in ash content on grinding in an iron of ordinary 
tqortar. E. G. Bailey ® has worked out mathematically 
tl^:^izes to which coal and coke should be broken up in 
order tha’l the error in the determination of the^ash may 
be less than one per ccn?., the object being to obtain a 
sample which shall contain slate and coal in representa- 
tive proportions. The powder is placed in 2^ dry bottle 
provided wtK a well-fitting glass stopper, and thbroughly 
mixed by shaking, Samses for analysfs are taken from 
this bottle as required. 

^ Accuracy^ qpd lixnitations of Coal Anal>'sisjV Chemical 
Eng^neer^ ij, p. 50, - 

*J.$.C.l., 1919, 38, p- 93 T. 

• Accvracy in SampSo^Coal.*' ^J.E,C., 1909, i, p. loi 
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Hygroscd^ic Water, (a) Ip Cool.— Tvnfvgrams of the. 
powdered coal are weighed between a pair of well-ground 
watcii glasses, so that \pt)isture shall no^ be attracted,^ 
thiough undue exposure the air, and dried at a 
temperature of 105" on th« shelf of an air oven, till 
' constant in weight ; the time required is usually abgut 
two hours. Overheating of the sanmltf must be avoided, 

)r appreciable quantities of volati^ rrtatter^ other than 
water may b§ lost ; the process is always liable to 5 , 
certain error Jue to the caiAe ju^ mentioned, as well as 
oxidation olf the coal, which oorurs^to’a slight extend, 
when the latter is heated in dintact with ^air to the 
temiMjrature employed fof expelling the water. In most 
cases, however, the resufls thus obtained will be foun^ 
to t)e sulhciently accurate for industrial purposes. 

Fieldner (footnote 9), discussing the accuracy of 
moisture determinationsdmeoal, states tli^t agreement to 
within <ri5 pej; cent, betw'cen duplicate analyses may 
be obtained if the i>inch mesh sample is mr dried at 
30® to 4C4® and then reduced to 60 mesh in a ball mill ; 
he dries one gram of the sample for one hour at 105®. 

If the sample is subsequently to be *ana^^sed for 
hydrogem the moisture shoujd be determined very 
accurj\^ely, for oiTors here will*affect the figure for 
hydrogen. An accurate method is as follows 2 grams 
of powdered coal are spread in a thin layar on ^ clock 
glass ahd placed^over^ulphuri^ acid in a vacuum desic- 
cator which is then evacuated. The sample is weighed 
evAy 24 hours till no further loss in weight takes place ; 
before an^ during the weighing, the lyal should be 
covered by a qjwk glass and exposed to the air as little 
as possible. 4f a good vacuum is maint^ed in the 
desiccator, the drying ’sfipuld be cbmplete in 24 ^to 4 
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hours. The C^nmittee on Qoai Analysis of tlft American 
Society for testifig materials and the -^mericati Chemical 
igociety, in thgir preliminary rl^r#,^ recommend that a 
vacuum of 3 mm. be maintained in Jhis process, lihe 
Committee recommend otlitr accurate methods involv- 
ing^drying in currents of dry inert gases, preferably 
nitrogen f these * a^ethods, howt\'er, require sjfecial 
apparatus. , • 

* Last, it may be mentioned th^t if the, coal contains 
clay, the latter must be got^id of if the sample is to be 
Submitted to efcmqnta^^ analysis, for some clays do not 
lose all tljeir^water bAow 700°. A. Lissner* recom- 
mer^ds treating the coal with* a mixture of two parts of 
commercial hydrofluoric acid and one part of concen- 
trated hydrochloric? acid, after which it may be de- 
hydrated completely. ^ 

The proportion of h>grosc 5 pic water present in coals 
is very variable ; excluding the ligni^ps, which may 
contain up* to 30 per cent., coals, especially when freshly 
raised, may contain as much as 15 per cent.,pf water, 
though this limit is seldom exceeded. Broadly speaking, 
a good cpal should not contain more than 3 to 4 per cent, 
of water, while in a ppd anthracite the percientagc of 
water should lie between ml and 1*5, or at most,^^. 

Moisture, (6) In Coke . — ^According to Arth, 100 to. 
200 grims of coke, broken into small lumps,* are weighed 
into a porceWn dish an^ dried i^. an ^ir oven at 150 to 
160®, until constant in weighj. Samples should be kept 
in air-tight vessels, as they easily lose their water on 
exposure to air. 

Moisture not only dilutes the fuel, b?4t ^0 reduces 
its calorific^value owin^ to the heaf which it absorbs on 

» JJ.E.C.. 1913, 5, p, 517. ^ Abs.' Analyst, 1910, p. 133, 
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vapowfion. ^ It is sometimes the custom to specit> a 
e^ain limit for the amount of h^grOseopic water in 
oa^ ^nd'tp maVe a proportionate deduction in the 
)ripe paid if this lifnif is exceeded. 

MsA.— The residue of mineral matter left oji.complete 
lombustion of the coal or ct)ke is weighed as ash. The 
imount of ash thus found does not represent the total 
imount of mineral nfatter originaHy present in the fuel, 
ind, moreover, varies somewhat with the mode of com- 
mstion, depending, among other things, on the amount ^ 
)f sulphur jeft in the residue an^ the ^imount of carbon 
lioxidc lost by the alkaline earA ca-bonates. Fieldner' 
Ifootnotc I, p. 9) states that the difference between 
gniting at a low red an^ a bright red heat may lead to 
i (Jiffereiice of one per cent, in the ash. The determina- 
tion of the ash should be carried 'out separately, and 
lot combined with the^dementary analysis or the detcr^ 
nination of volatile coii^bustible matter ^nid coke. 

The following directions for the determination arc due 
:o Arth : — i to*5 grams of the finely powdered coal (or 
:oke) ar# weighed off in a platinum dish or, failing this, 
i porcelain dish, about y'tm. in diameter; at first a 
jentle heat is applied, in order to avoid caking^and sub- 
iequent difficulty in combustion, ^he disb being covered 
vith 1 piece of platinum foil so long as there is any 
ianger of loss by decrepitation. The subsequent heat- 
ng is be§t dhrried out in a muffle furnace, tjie dish being 
:)laccd on a piec% of pfetinum foil, to avoid cdhtact with 
:he siliceous material of the furnace. The temperature 
s gradually raised to a bright red heat ; if the layer of 
ish is thic| it should be cautiously stirrad from time to 
vime with a stout piece of platinum wire. When the 
combustion judged ^o be conjplcte, the^sh and its 



contents are^oolaJ in a desiccator and wtigJjeS.* tom- 
plete combusflSn i^ effected with difficulty if graphitic 
matter is present in the residue unb«rnt c^boiifel^uld 
Ibe tested for ifi the cooled residite fiy adding a Tew diops 
of alcoholf when the carbon particles will, if present, *be, 
3bserv«i*floating on the liqSid. In this case the alcohol 
ihbuld bj removed by evaporation and the combustion 
3f the residue completed over the* blow-pipe flame. In 
Jifficult cases, tlic combustion may also be facilitated 
by allowing a gentle curreij^t of oxygen to impinge on 
the residue whijejt is ^ing heated, care, of (^urse, being 
taken that particle^ of gsh are not blown away. 

Owing tt) tli« differences in Results obtained on igniting 
it different temperatures, it is^esirable that the process 
lihould be standardised as far as possible ; \he American 
Committee (footnote i, p. ii) recommend that the 
temperature of dhe muffle shbuld be kept at 700*^ 
to 750°. 

The ash percentage is one of the fnost important 
figures obtained in the analysis of coal. * The proportion 
of ash is greatest in coals which arc rich in volatile com- 
bustible master ; in these il may sometimes exceed 15 
or eveif 20 per cent. As in the case of the water, a 
certain maximum li^pit for the ash in coaf may be 
specified by the purchaser, say 8 or 10 per cent.* and a 
deduejion made in the price paid if the limit were* 
exceeded. Jhe undesirability of a large propcjftion of 
ash in coal is obvious ;• the ash*dilu1fes the fuel, tends 
to obstruct the draught during combustion, and carries 
with it some of the heat of the fire, as well<as unbumt 
fuel, on fallii% from the grate. Generally ^peaking, it 
may be said that a good coal should yield less than 6 
per cent, of ash. Thg same applies to coke, especially 
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when ftse^f(>r metallurgical or similar (5j)eration5, in 
which the ^chemical action *of the ?ish to be con- 
sideiei • 

Molaiile Cnmhtisiiblc Matter, Combustible Residue anf 
Coke . — When coaWs heated out of contact wiiii*air, part 
of the carbon is lost, mainly in the form of Volatile 
hydrocarbons and carbon monoxide ; bydrogei^ oxygen, 
water and ammonia arc given of^*at^the same time. 
The non-volatile residue, which consists of*an impure 
carbon contairting the greater part of the mineral matter 
of the ohgiTwf coal, is known as c^c. iThe total volatile^ 
matteT, less the moisture, is diterifiined as “ volatile 
combustible matter/' ; the non-volatile r^idde, less the 
ash, is knowMi as the " non-volatile combustible residfle," 
thc'-" fiix(?d combustible residue," or Jhc " fixed carbon." 
The latter term should be avoided, as it is somewhat 
misleading. 

The importance of the yield and natiife of the coke 
has already beefij pointed out ; the yield and nature of 
the volatile combustible matter are of importance if the 
coal is tof^ be used for gas or tar manufacture, and the 
yield of volatile combustible matter, as determined by 
a laboratory operation, is a useful guide in cllssifying 
the coal under examination. E^feating in mind that the 
►amount as well as the chemical composition of the 
•volatile matter obtained from a coal vary with the con- 
ditions i^nder which the destructive distillation is carried 
out,^ it follows, flfst, tfiat the ilsults of any labewatory 
operation should not be •interpreted too literally in 
judging of the probable behaviour of a coal when sub- 

‘ Sec Chajler ^l., p, 38. A high distillation temperature 
results in the pr^uction of a hard coke,. a low temperature in 
the production of a soft^ota*. 
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mitted to d&truchve distillation on a Aamifacturing 
scale, especialfy.as regards *the nature of the distill^e, 
and, second, that the estimatien.of the Volatile ^d 
non-volatile matter should *be carried out, as far*^s 
possible, uftder certain stan(^rd conditfons. The follow-* 
ing ^dtftods are recommended by the American 
Committee (footnote i, p. ii) : — 

One gram of |he*®fresh, undried coal is heated for 
(exactly seven minutes in either of the following ways • 

» [a) In a lo c.c. crucible sto^d on a tripoS in a muffle 
jjt 950°, or {h) in fi 20 ^c. crucible set i cm? above tlio 
*top of a No. 4 Mekertburner, which has an outside 
diameter af th? top of approxknatelu 25 mm., the flame 
being; not less than 15 cm. high, the temperature being 
controlled at 900® iq 050° either by a thermo couple* or 
by the melting point of potassium chromate (940®). 
The crucibles shdlild be co>^r/d by well-fitting lids. 
The crucible heated in the open should be protected 
from drauglits. The upper surface of tOe crucible lid 
should burn clear, but the under surface should remain 

covered with carbon. The volatile combustible matter, 

• 

determined by loss in weight, should be calculated on 
the dry coal. Duplicate, analyses should agre^ within 
0*5 per cent. Y'ieldn^ ^footnote i, p. 9) recommends 
a temperature of 950® to 1000® for all coals ; he states 
that anthraeijes show bad- agreement betwe^ duplicate 
analyses if the tefnperature limits are not adhered to 
^ closely, but that softer *coals show better agreement 
with varying temperatures. 

The coke Jnd non-volatile combustible rej^due may 
be estimated from the weight of the resi<S»e in the 
crucible, the latter by deducting the ash as previously 
determined. • 
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R. Lessing ^ has constructed an efectric furnace con- 
si$tin|[ of*a silica tube wound witfi pj^finum wire and 
fitted vgth^an iifnq- silica tube in which one gram of ‘ 
sample is placed ; it claimed that* the use of this 
apparatus enables the swelling properties of coal to be 
seen very clearh , and that the differences in*bhhg|Viour 
of various coals on raking can be better studj^'d than by 
the usual crucible method. . 


The accompanying table shows the percentages of 
volatile matfer yielded by^the different varieties of coal,, 
anthracit(f and lignite, as deter|^ined 4 )y Mahler 


• • 

Description of Coal.^ 

• 

Volatile c(ftnbustible matter 
calculated on coal, less ash. 
Per Cl nt. 

• 

Anthracites . • 

3 to 5 

Semi-anthracitic . 
Bitnminous*for steam and 

b to 14 

coking * . 

Bituyiinous for blast fur- 

L5 to 25 

naces and forges . 

25 to 30 

Cannel .... 

About 50 


Lignites of good quality . | About 50 

; L. . ; 

Th*e outstanding feature to be noticed here is the 
gradual diminution in the volatile matter passing 
from^tlfc cannels to the anthracites, •Th^above groups, 
from the cannels to fhe semi-^nthracitic coals, inclusive, 
rQugWy correspond with 'the Groups i to 5, respectively, 
in the table on p. 4. 

The asgociation of a high percentage df volatile matter 
with a bigh/percentage of ash is sometimes explained 
1912, si, p. 465. 
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by the assumption^hat the mineral mattei^haB eifcloscd 
the mother suH^wlcb of the*coaI, and thus h^pder^d its 
decomposition by the escape o^g|s.^ 

• Coke produced at high temperatures will only contain 
slight quaiftities of volatile matter. The softer cokes 
produced "at low temperatures usually contain about 
7 to II pgr cent, pf volatile matter ; the products of 
the "Coalite,” "Jaffess Fuel.” and the "del Monte” 
pjocesses may be regarded as inteiynediatc between the 
typical coals and cokes ; thej^should find ificreasing use 
in the future as .substitutes for coal on grounds of fuel 
Economy, as the disttllat^s are valuable as motor fuel.^ 
Coke shodld, tn view of its method qf production, only 
contain slight quantities of volatile matter. If desired, 
tlfis may be determiqied as described for coal. * • 

Sulphui . — This constituent is usually present in coal 
itt the form of iron pyrites and^filfium sulphate. When 
the coal is subrflitted to destructive distillation part of 
the sulphur is driven off, chiefly in the f^rm of organic 
sulphur compounds, owing to the decomposition of the 
pyrites. The determination of sulphur in coal and coke 
is generally casried out by thelEschka-Frescnius method, 
as follows*:— 

I gram of the? finely powdered material is mixed in a 
platinum crucible with twice its bulk of a mixtifl’e of 
I part of dry sodium carbonate and* 2 parts pf calcined 
magnesia ; the uncovered crucible is placed in an inclined 
position, and its lower half is heated to* a low red heat 
*till the colour of the contents Changes from a grey to* a 
yellow or brown ; it is then allowed to cool| the ash 
mixed with one^alf to one gram of ammoniu^ nitrate, 

f 

* H. E. Armstrong, T Si n T torfi n 550 - Ev^ns. 

37, aia T? 
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and fleatid ^gain to redness for 5 1:o id minutes, the 
cfucjbl(‘ tjiis time being covered wth ^ fid. After cool- 
ings nic^criiciblcls^il^id in a beaker of water, and the * 
(jfntcnts detached by*licafting the liquid. The crucible 
is removed, wa?lhed carefully with w'ater order to 
remove adh(Ting solution, and the washing? tid^d to 
th<* contents of tl^e beaker. During the, process of 
ignition just (hscri!)ed, the siilp^Iur, contained in the 
coal or roke will havi* been oxidised to soluble sulphatas, 
which may l^e determined^n the solution by precipitating# 
with barium chloride and weiglj^g the precipitate, in tjic , 
usual manner descrila'd in all ttxt-fiooks on quantitative 
inorganic analysis • * * 

The limits of variation of the proportion of sulphur in 
coal ad: usually from one half to, 2 per cent,, while ‘‘in 
anthracites it may onK be pn'sent in the smallest traces, 
(rcneially s]>oaking, if^n^ay be said that a good coal fjr 
coke should contain less than i per cenf . of sulphur. It 
is important ftiat coke for use in tht' blast furnace should 
contain a minimum of this constituent owing to its 
undesirable iullucnce on the prop<*rties of the iron. 

Nitrofien . — This constituent exists in the coal in the 
combined form, and originates from the* proteins present 
in the original wood. When (k)al is s*ubmitted to de- 
structive distillation, the nitrogen escapes mainly in the 
form of ai^imonia, and also as aromatic amines, pyridine 
base*, Vdc. The nitrogen in coal iK com'cniently esti- 
mated by the method of Kjeldahl, which is ver\’ com- 
iponly used for the cstidiation of nitrogen in foodstuffs, 
fertilisers^ and other materials. The method depends on 
the dest|uction of nitrogenous matter' resulting in the 
formation of ammonium sulphate, by the action of boiling 
concentrated sulpljuric acid in*thfi preserite of mercury 
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sulphate or catalysts. . When the aigcsiion with 
^the acid is complete, the mixture i| made* ally line, 
a^id the ammoi^ia distilled off flijb a known voiume of 
standard acid and estimatec! by titri^tion. Modifici#- 
lions of tile Kjeldahl method are often used either for 
con\4»ience’ sake or in order to suit particular cases. 
Gunning’s fiiodificatigyi consists in #he use of sulphifric 
acid and potassium sulphate, while in the (jiinning 
cdjjpcr method copper sulphate is ^dded a catalyst. 
•The use of potassium sulphate^insurcs a higlicr digestion 
temperature thai! is ^eawied with sulphuric acid alone ; 
it has, howyver^ been p8intcd out by 1 \ A. \\'. Self^ 
and by E. Carpeaux ^ that los*s of atnmonia occurs if 
t'tf composition of the mixture approximates Jhat of 
potassium hydrogen Sulphate, which ma> occur if too 
much potassium sulphate is used pr too much sulphuric 
afid is lost by evaporation. The method of digestion 
given below is that recommended by Jrieldner and 
Taylor,^ who have determined the condirtons necessary 
for obtaining accurate results with coal. 

I gram of the powdered ooal is introduced into a 
Kjeldahl digestion flask together with 30 c.c. of pure 
concentrated sulphuric aej/i, 15 grams of potassium sul- 
phate, and a drop of mercury. The flask (see i) 
should be made in resistant glass, and should have a 
capacity* of about ^00 c.c. Placing the charged flask 
in an inclined* position 01^ a piece,of wjre gauze,* heat 
^s carefully applied until all frothing has ceased ; the 
mixture is boiled till colourless, and then cooled for ten 

^ Pharm. Journif 1912. 88, p. 384 {Aha. A nalyst^igi 2, 37, 
p. 203), t 

* Ann. Chew. Anal., 1913, 18. 315 (Abs. 4^alyst*igi5. p. 172). 

*J.LE.C., 19*5. 7. P- 
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minutes /powdered potassium petmaiiganate is added 
in smjill quantities at a time till a green or purple colour 
rcrnainsc after shaking, Jafid the mixture ^ further boil^ 
for one to one and a half ^ours. After cooling, water is 
added, small quantities at <a time being allowed to flow 



Tu'.. 1. Kjeldahl l>igestioD Flasks on Stand. 

‘ • * 

down* the side of the flask, while thh corftepts are con- 
tinually being agitated ; the whole is transferred to a 
700 c.c. flask, the total water added, including rinsings, 
amounting to 200 to 300 c.c. When cyifte cold, a few 
pieces of<%inc foil are added to secure even boiling, and 
an excess 0/ concentrated sodium hydroxide solution 
(about 90 c.c. of a^5o‘per cent, solution) i^ ooured down 
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the side of tlie^JaSc^in such a way as to afroit, as tar as 
possible, its mixing with the acid liquid ; sufficie^ Of a 
^ per cent, solution of potassium ^ul5)hide*is |idae€ to 
precipitate all*the mercury (Usually about 25 c.c.), 4 pd 



Fig. i.— Disfillatic*! Apparatus for Kjeldabl's Pdjcejs for the 
• Determination of Nj^rogen. 


the flask is connected up wiliiout delay by means of a 
rubber stopper with the distillation apparatus. 

The accomp*hnying illustration (Fig. 2) will^ve an idea 
as to the general arrangement of the apparatus. The 
receiving flssk contjin^ a definite wlume of decinormal 
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sulphufic aeid^ and the tube, which cups^just Deiow tue 
suifacfi of tjie acid liquid, is provided witli a bulb in order 
to pR;?ent siK'k-bat:k jnWo 4 he distillation flask. For this 
piu^)ose an ordinary pip*ett^may be used.* If preferred,* 
the vapour may Tjc condensed in a straight *ttibe con- 
, denser, in which case the condtmser tube shdul^ be 
brou^^ht near the siyface of the standard ncid, not 
dipping into the latter. If only a f 9 w ajialyses are to be 
made, ordinary Liebif» condensers, fitted with adaptersf 
may be usedj it manv analyses are to be made, it is 
more convenient to employ a seri^ of metal tubes placed 
vertically in a metal tank through wliich watc: may be 
made to circulate, #is shown in Fig. 3. ^Arrangements 
such as this admit of a*number of distillations b£ing 
earned otit simultaneously. Sometynes the distillatioi? 
is carried out from the original digestion flask, avoiding 
transference. Whatevef^tljt* arrangen^mt used, the dis-* 
tillation flask should be connected with a bulb-trap for 
preventing alka^no spray from being carried over into 
the receiver. When 250 c.c. have been distilled, all the 
ammonia^is certain to have^been distilled over into the 
acid, which is then titrated with decinormal sodium 
hydroxide or baryta solution iq order to determine the 
amount of ammonia absorbed. *Tke indicator used may 
be litiflus, m(‘thyl orange or cochineal, but not phenol 
'phthalein. 

It is.ntccssary to perform a blank* test*in order to 
determine the afnounl of ammonia in the materials 
use<J, which should, howe'er, be very small. If the 
analysis is tarried out for the first time, a parallel deter- 
mination sjfould be carried out with a* pure organic 
substance con&ning nitrogen, such as hippuric acid. 
The proj)ortion of nftrogen in coal may vafy from 0-2 
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to 2 per cent^ ^he determination of tfiis»constituent 
is chiefly of interest as furnishing a rough. estimate of 
ammonia and other nitrogenous products ebt jiiraWe on 
distillation of the coal. I fithis* question does not (?l:^e 
into corftftieration, the cstjjnation is Rften omitted, and 
th(^iifr6gen is grouped together v^ith the oxygen, in 



Fig. 3. — Distillation Apparatus for Kjeldahl’s Process for the 
• Determination of Nitrogen. 

the statement of the reAilts of tfie an&lysis, both being 
determined by difference. * , 

The Kjelckihl method and its modification^ applied to 
other subsianch.-^Uany other substances do^iot require 
such drastic treatment in the digestion process as coal 
does. Thus, it is pften sufficient Uo boil for half an 
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hour aficr the liquid has become colojirl^, and to 
omit tlvj boiling after the addition of the4)ermanganate. 
In th8 duynirtg mo 3 itVation it is usual to employ 25 c.c. 
of i^illpluiric acid and 12 gra*ms of potassium sulphate ; 
in the (Running copper inoditv^ation, 0*3 gram bf copper 
•sulphate is added to this mixture as a catalyst^ ’j»is 
no trouble and often ^afer to eniplw the latt«r modi- 
fication in jncferencc to the former. ’ The use of copper 
sulphate has the advantage that the subsequent addition 
of potassium sulphide becomes unnecessary. Mercuric 
sulphate is, •however, a more rfficieift “catalyst than 
copjier sulphate, and must be <lised with substances 
which are difficult 4 :o dectimpose completely ; in the 
original Kjelcjahl method, which is often used, {he 
digestion mixture consists of 20 to yj c.c. of sulphuric^ 
acid and 07 gram of mercuric oxide or the equivalent 
of mercury. In the (Jpiming Arnoltl method both 
copper and mercury are used, one gram of the sample 
being treated wuh 25 c.c. of sulphuric acid, 16 grams 
of jiotassmm sulphate, one gram of copper sulphate, 
and one gram of mercuric, oxide. It is advisable to 
use a definite amount of mercury or pxide, ibr a simple 
trial will^hen show how much,^sulplude solution need 
be added in order to have an excess^ieyoncfthat required 
,to precipitate all the mercury, and thus to decompose 
the mercuraipmonium compounds wffiich do^ot give up 
ammonhi bn boiling in alkaline solutiofi. Fbr a similar 

f t J 

reason the relative strengths of the sulphuric acid and 
the caustic soda should be ’determined. 

0 . F. Jen,sen * compared the results obtained by the 
Gunning AAiold method with those obtained by the 
Gunning copper method with bone meal, dried blood. 

1915, 7.^. 
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cyanamide’jj^d’ linseed meal; he found •that quanti- 
tative yields were obtained by either method, iJig(?kting 
for one to one and a half heurs, .though 1)loc>d*r<^uired 
three hours^ digestion in Ihe *Gunning copper metjiod. 
The Gilnning Arnold method is used*for pepper in which 
y^^itrogen is mainly present as piperine, a heterocycli# 
compound of the^5Tidine type. B. Dyer ^ fouml that 
this method gave good results with i)yridine. 

Modified Methods to include •Nitrogen as Nitrates . — 
Nitrogen present as nitrates will, of course, be lost in 
the processes* dbscrilVd above, which, hotvever, suffice 
for the analysis of •the substances mentioned. The 
methods described under this h»ading are especially 
apphcable to fertilisers which may contain considerable 
amounts of nitratts. 

Gunning's Method. — 0-5 to 3-5 grams of the sample are 
well mixed witfl 35 c.c. of piye sulphuric acid in which 
has been dissolved 3 per cent, of salicylic acid, and the 
whole is shaken at frequent intervale for 10 minutes. 
5 grams of sodium tliiosulphate and 10 granis of potas- 
sium sulphate are then a4jied, and the mixture is care- 
fully heated until frothing has ceased, after which it is 
further treated as directed above. 

lodlbauer's Meihotl. — The digestion mixture consists of 
20 c.c. of concentrated sulphuric acid, 2 5 grams or 
phenol sulphonic acid (made by dissolving 50 grams of 
phenol in Sufficient sulphuric acid of specific ^a\ity 1*84 
to make 100 c.c.), 2 to 3 grams of zinc dust and five 
drops of chloroplatinic acid.* The mixture is heated and 
should beebrae colourless in four hours. / 

Carbon and Hydrogen .— importance of knowing 
the percentages of carbon and hydrogen for the purpose 
* i895,*20,*p. 252. 
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of classifying^the coal has already been pgjnted out in 
the iiftrt^iictory section of this chapter. 'Bhe determina- 
tion oft he tfalcfrific jfthe coal, as described below, 
is al^ based on the elementary analysis. 

The method employed for tl^ determination o*f carbon 
•nd hydrogen in coal is essentially the same as* 'that 
employed for determiniiig th(;s(‘ consj^uents inorganic 
compounds which contain nitrogen and sulphur. The 
details of the operation will be found described in many 
books dealing wjth practical #iganic chemistry, and will 
therefore not be repeated here ; it l^ill ^iTiy be necessary 
to call att('ntion to a h'w points offtiterest in the present 
case. 

About half a gram ot the finely powdered coal should 
'be we'lghed off in a porcelain boat, alioiit 7 cm. long and 
7 to 8 mm. broad, and thtii mi.xed with about twice its 
bulk of dry, finely pow'dtyed copper oxid^*, great care 
being taken to avoid lo^^. Tlu' combustion tube should 
be packed througViout with lead chromate*, in the usual 
way, in order that all sulphur may be retained as load 
sulphate and prevented frpm escaping as sulphur 
dioxide, a short reduced copper spiral being pla^ced in 
the rear ej^d, in order to dcconjpose nitrogen oxides. 
^While volatile matter is being distflled from the coal, 
oxygen sTiould only be allowed to pass through the tube 
at the rate of gno bubble in two seconds ; the^peed*may 
be doubled* when only c^ke is left. The lead chromate 
should not be heated so strongly that it fuses with the 
glass i)f the tube ; moreover, lead sulphate, which will 
be formed the interaction of the clyromate and 
sulphur of tHe ^oal, is not quite stable at such high 
temperatures. , 

In calculating the pprdentage of hydrogen* from the 
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water abs(ft*bed*by the drying tube, aUbwancc’ must be 
made for the Jiygroscopic water, accurately de^nftined 
as described above, this bein^ (^dflcted "from tht total 
water weigHhd, in order tD arrive at the water fi5nned 
by combustion of the h>^rogen. Jfs has already been 
pjjjitftd out, powdered coal is hygroscopic, so that unles;^ 
fhe sanjple for analysis is preserved in a well stoppered 
bottle during the%terval between the water determina- 
tion and the elementary analysi,s, serious errors may be 
made. The re-calculation^of the pcrceiftages of carbon 
and hydrogeu on th(%coal, less water, ash* and sulphur, 
has been dcscribe*d omp. 2 . The method for calculating 
the calorific* value of the a)al from the results of the 
elementary analysis is described below. 

Oxygen. — Thcre^ is no direct method avhilabte for 
determining this constituent ; it is tlu^nTore determined 
by difference, (fcducting tl^ jtim of the percentages of 
the carbon, fiydrogcn, hygroscopic water, ash, sulphur 
and nitrogen from one hundred, ^he figure thus 
obtained will naturally be affected by the accumulated 
errors of the previous determinations ; t!u‘ oxygen 
content is, ^or this and other reasons, no longer used as 
a basis for the classification of coals. If the nitrogen 
has not bcert estimtted, both this and the oxygen will 
be determined together, by difference. 

The amount of hydrogen found in excess of thal 
requiTed to combine with the oxygen in the edat (exclud- 
ing, of course, the oxygen of the hygroscopic water) to 
form water^ is known as fhe “ disposable hydrogen." 
Generally speaking, the disposable hydrogen may be 
taken as a rSative measure of the amount gas obtain- 
able from the coal, and an indication of the length of 
flame whftli will .be* produced oh combustion. These 
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relationsliips^wfll be apparent on referiTng t8 the tables 
givefi a^ove. 

Det$r^iir^aii$n of fhe Qalmjic Value of Coal and Coke . — 
Th(^ Amount of heat theor?‘tically obtainable*from a given 
w(‘Jght of coal or A)ke deterryincs to a great Artent its 
®value as a fuel ; it is often the custom to base th 5 cjgn- 
mercial valuation of fu^s on the results of deternjinations 
of calorific valut;, which have been Carried out on fair 
average samples. 

The calorific Value of a fi^l may be stated in several 
ways 

(fl) As the number of calories •produced by burning 
I kilo, of the fuel, the calofie being the amount of heat 
required to raise the temperature of i kilo, of water 
‘ from* 4'’ to 5® C. 

(b) As the number of I^itish Thermal Units obtainable 
from I lb. of the fuel, the B.'P.U. representing the amount 
of heat rcquire<l to raise the temperature of i lb. of 
water through i*F. at 39*1® F. 

(c) As tile number of pounds of water which may be 
evaporated at the boiling jXiint by the combustion of 
I lb. of the fuel. 

Determination of Calorific Valw by Cnilorimeters . — 
Calorinftjtric methods arc generally used in practice, 
‘fwo instniments in common use are the Lewis Thompson 
and tliQ Sarco ” Mahler- Donkin bc^nb calorimeter. 
The Lewis Thomj^on c^lorimetA- consists essentially of 
a copper cylinder fitting ort to a copper base by clips ; 
the coal, mixed with potassium chlorate and nitrate, is 
burnt insid^thc cylinder* the gaseous products of com- 
bustion passing through holes near the base of the 
cylinder and up thrthigh the wat^.in the talorimeter 
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vessel. Tills instrument is very largeljr Ssed'for the 
commercial v^uatlon of coals ; it is much less eiaieflsive 



• • 0 

Fig. 4. — '* Sarco " Mahler-Donkin Bomb Calorimeter. 


than the bomb types, but does not give such accurate 
results, and if not suited for use with anthigacitic coals 
containing more than 87 per cent, of coKe, or with coke 
itself. The^ bomb , ci^oiimeters consist* essentially of 
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strong firas# vessels which arc immersed outer calori- 
mefer vessels containing water. The coaJ is fired electri- 
cally* inside fhc bomi>, ^ich is charged with oxygen 
un^J^r pressure. In adcJitioft to accuracy*bomb calori- 
meters have the advantage ^hat they can be \ised for 
liquid and gaseous fuels. 



< • 

I Kk 5 r.iloiinu’tt r. 


(.oals contrUiung t)vt*i i^to \ ]>t'r cent, of inoisturt* 
should be dried before burning in the calorimeter. In 
calculating the calorific valine allowance should be 
made for the dilution of the ftiel bv* the moisture 
when *lhc dried coal is tested, and also for the 
latent hcat^ of evajx)r.ation of the moisture, includ- 
ing that ‘formed by the combustion t)f the hydrogen. 
It must be roWmbered tliat in the calorimeter 
the. water is deposited in the liquid form, whereas 
in practice it escaj)es ;is steam. The Accuracy of 
working n^fiy ^ be checked by making a combustion 
with pure ca^e sugar, the calorific value of which is 
3957*0 calories. 
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Detailed descri{)tions and directions fcfr nee Ae* sup- 
plied by the mjikefs, and fnay also be seen in dealers’ 
catalogues ; they will readily f(jflpweil b^' ?in|'one 
‘acquainted with the principles •and practice of catori- 
metry. • • ^ • 

C^lclUation of Calorific Value from the Results of 
Etemenia^ Analysis . — The calculation is basect on 
Dulong’s assumptiSh that the amount of heat given 
out on the burning of a fuel is equal to the sum of the 
amounts of heat produced^on the combustion of its 
separate elemepte, th*^ whole of the oxygen present 
being considered Is a^eady combined with sufficient 
of the hydro^n present to form w^ter. Knowing the 
percentages of the carbon, disposable hydrogen and 
tulphur present in ^he coal, and the calorific Value® of 
these elements, it should be possible to calculate the 
calorific value of^he fuel itself.* The above assumption 
is, of course, ribt theoretically justifiable, but experience 
has shown that when applied in the (^se of coal, the 
results obtained are sufficiently accurate for practical 
purposes. The present method cannot be applied to 
liquid fuels, as here the heats of formation of the con- 
stituent *compounds are^too considerable to be left out 
of account. 

The following data are employed in the c^cula- 
tion : — 

Cak>ries. 

1 kilo, of Carbon in burning to tOj Reduces 8,140 

I „ Sulphur „ * SO2 „ 2,i6q, 

I „ ftydrogen „ HgO „ . 28,900 
as steam • ^ 

The latent heat of evaporation of water =600 

A. I. A. 3 
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In practfce*it is usual to^take the* cj^orific value of 
hySrogen as 34,500 calories kilo. Then if 

be the pA-cJnfage of Hydrogen 
C ,% „ Carbon, 

S „ „ * Sulphur, 

0 •• c Oxygen, 

and W „ Hygroscopic 

the quantity, of heat, Q calories, obtainable from 
I kilo, of \he fuel is usually calculated from Dulong's 
formula 

Q«8i . C + 890^1^-"^ +22. S-S.W, 

the*watet being h berated as steam. • 

Representative results of calorific determinations on 
the various kinds of cdal^re include!! in the table orr 
p. 4. As a rule, the results obtained ftr coal by the 
method describ|d do not differ from those obtained by 
the bomb calorimetric method by more than about 2 per 
cent. ; in many cases the variation is less than i per cent. 
Mahler has shown that the variations i* the results 
obtained by the two methods, are considerabfc in the 
case of lignites, peat, and especially mineral oils. The 
calorific values of the latter fuels cannot be accurately 
calculated from the carbon and hydrogen ^content, but 
must tk* determined by the calorimetrih method. 

The heat actually available in practice naturally falls 
short of the amount of heht theoretically obtainable on 
combustioti of the fuel ; owing to loss of heat with the 
chimney ga-^cs, with the ash as it falls from the grate, 
radiation and incomplete combustion, the available heat 
is usually less than 80 per cent, of that theoreticaUy 
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obtainable. ' JJjie’results of laboratory detcrftiinations of 
calorific value <u:e, however, none the less valuaible* as 
they enable the analyst to estimate the ’relative* heat 
values of different fuels or kinds of coal when used under 
apprriYimately similar conditions. 


PHYSICAL Ex^IINATION OF IllOAL AND COKE. 

In the table on p. 4 will be found the specific 
gravities of the different \^eties of coal^ it will be 
noticed that tfier^is i gradual increase in the specific 
gravity in pacing frorn the varieties which contain least 
carJ)on to the anthracitic group. The determination of 
fhis constant may usually be omitted, as surpr indica- 
tions of the natuih of the coal are obtained from a 
chemical examination. 

It is sometimes of importance to determine the 
porosity and the crusliing strength of co^e ; the latter is 
of importance when the coke is to be iJsed in the blast 
furnace, as it should be capable of bearing the .weight of 
the material above it without being crushed to powder, 
in which case it would tend to obstruct the draught. As 
has been pointed out pwviously, the nature tf a coke 
depends, not only on the nature of the coal fron^ which 
it has been prepared, but also on the method of prepara- 
tion ; this point ^s discussed in Chapter Il.f p. 38. The 
methods for determining the porosj^y and crushing 
strength of coke are fiilly, described in Stillmann’s 

Engineering Chemistry.*' 
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CHAPTER II 

COAL TAR AND ITS DISTILI^TION PRODUCTS 
I NTROnUCTORY 

I 

When coal is subnet ted to dry distillation it yields 
three main volatile products? viz., foal gas, water con- 
taifiing ammonia in solution, and coal tar. The present 
chapter deals with the examination of the last -mentioned 
substance and its chief distillation products, with special 
•reference to th^ir applica^oy* in the production of 
materials for flie manufacture of dyes, disinfectants and 
other valuable substances, derived Jiicfly from the 
aromatic hydrocarbons. In this connection it should 
be mentioned that tars which are unsuitable for the 
above purposes have recently attained enhanced im- 
portance as sources of^motor spirit (benzol)^ and fuel 
oil, the demdnd fof which is lik(‘ly to increase still 
further. (See below.) Coal tar is chiefly obtained as 
a by-produft, either in the manufacture^ of coke, in 
which case it is known as coke-oven tar, or in the manu- 
facture of coal gas, when it is known as gas tar. Blast 
furnace and generator gas tars, which are sometimes 
obtained as*b^-products in the manufacture* of pig iron 
and producer gas, respectively, have ^no% the same 
commercial importance as the two ^st mentioned 
products. 
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I 

Proplrties ahd Composition of Coal Tar.— Crude coal 
tar«is ^ dark brown or black* more or le?s viscous fluid, 
smelkn^ of creosoffe. , U w usually heavier than water, 
the ‘tars having spcciflb gravities undef i-ooo being 
useless for the production pf dj'^es. The latter point 
will be more fully dealt with below. 

As» pointed out in Jhe previous chapter, th# propor- 
tion of tar yielded by different IcTnds of coal varies 
considcij^ibly ; the nature of the tar is influenced, not 
only by the qifality of the coal from which it is distilled, 
but also t(f a considerable extant by the distiUation, 
temperature, (renerally, when ^ow temperatures are 
employed, the resulting ta?s consist mainly of liquid and 
solid paraffins, olefines and the more complex pheifols. 
Higher temperatures, on the other Jiand, tend to give' 
rise to the formation of aromatic hydrocarbons, free 
carbon, and phenol ratfter;than homoJbgues of phenol ;• 
olefines and acetylenes are formed in smaller quantities, 
while the parafijis practically disappear. The following 
example, given by«Dr. F. Mollwo Perkin,* illustrates well 
the differences in nature and amount between the pro- 
ducts of distillation at high and low temperatures : — 

At Hi^h Temperature (about ^oo®). Per ton of coal, 
12,000 cubic feet of gas, 20 lbs. o^ammoftium sulphate, 
II gallons of tar consisting mainly of aromatic hydro- 
carbons suitable for producing dyes, etc. foke hard. 

At Low Temperature^ (about 350® t6 550®) Per ton 
of coal, 5000 cubic feet of gas, 10 lbs. of ammonium 
sulphate, 20 gallons of tar consisting mainly of aliphatic 
hydrocarbons, olefines, paraffins and also naiffithenes, and 
unsuitable dor producing dyes, etc. ; tar acids (phenols) 

‘Lecture given before the Institute of Petroleum Techno- 
logists, X7th Dec., 191S. 
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are also pre^nt, but these are only suit£rt)l%foi*use as 
disinfectants arf^ not for syftthetic purposes. Cokg s#ft. 

High distillation temperatijr^ artf essential foithe 
production of|fas, both as regards quantity anS quality, 
and tars fifem which aromatic hydrocafbons and phenols, 
etc.^^mSiy be conveniently separated in a state of suf- 
ficient parity for synthetic work ; the presence of 
paraffins is highly o^ectionable in this connection. On 
the other hand, the value of low t^perature distillation 
products has been recognise^ within the last few years. 
It will first be noted that the yield of tar iS greater than 
at high temperatures ; #from rich cannel coals as much 
as 40 to 60 gallons may be obtained ^r ton ; again, such 
tar ‘has a lower specific gravity and yields a greater 
proportion of low-foiling constituents than high tem- 
perature tar. The benzol fraction forms a good sub- 
stitute for motor petrol, the demand for which has 
increased enofmously owing \o the development of 
aircraft among other reasons. In this the presence 
of paraffins is no objection. The higher boiling products 
are fuel oil, which, like the heavy petroleum pAxiucts, is 
suitable for use in motors of the Diesel type, lubricating 
oil, and*disinfectant phenols. Finally, paraffin wax may 
be obtained from this far. The soft coke produced at 
low temperatures contains from 7 to ii per (^nt. of 
volatile matter, and is well suited for domestic purposes ;• 
from what has be^n said, the wastefulness df th^ system 
of burning raw coal wilf readily T>e realised. (See foot- 
note, p. 19.) Gas coke is very dense and graphitic owing 
to the high temperature employed. Coke •sufficiently 
hard and deitse for use in metallurgical Q|^rations is 
produced in coking ovens where some>^at lower tem- 
peratures afe emplqye;^, the object 1>eing lo make a coke 
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which will StaSd the weight of the mafeijjls in the blast 
fuAa^e. (A)mpared with the gas retort, .the coking oven 
yiel^ slightly les? ggs «iid a tar not quite so rich in 
arjfhatic liydrocarb<)ns,*but which may, however, gener- 
ally be used for nfaking pro^cts for synthetic {)urposes. 
Lunge (‘‘ Coal Tar and Ammonia ") points out tlji^rtjiie 
action of heat tends ^o encourage jjpolecular condensa- 
tions with th(‘ formation of substances such as naphtha- 
lene and anthracene, ^nd the elimination of hydrogen, 
either in the (Elementary state, or in the form of highly 
hydrogenated hydrocarbons such af •methane. The , 
tendency towards the formatioi^of phenol rather than 
the cresols at higher temperatures is similarly explained, 
while the formation of free carbon, either in a finely 
divided s^late or as a graphitic mast, may be regarded 
as the last stage resulting from the tendency towards 
nuilecular condensation ^r(|ught into pflay by the action' 
of heat. * 

Coal tar, as paodiicod for the manufacture of colours, 
contains the following substances as its most important 
constituents : — 

Water and ammonia. 

Benzene, toluene, xylenes aqd higher homologues of 
benzene. 

Pheitol, cresols, naphthols and other phenolic sub- 
stances of higher molecular w'cight. 

Amine bases such as aniline and its Homologues. 

Naphthalene, anthracene, p\ienanthrene and their 
hon^ologues, as well as otlier hydrocarbons containing 
condensed 'benzene nuclei, of high molechlar weight, 
such as py/fene and chrysene. 

PjTidine, quinoline and bases of a similar nature. 

Nitriles, carbazoles^ etc. 
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Sulphur cont|ining compounds, of whicii tHb cltief are 
carbon disulphide and thiophen. # * 

In order to isolate the chief*c(fnsAituents * the coaf tar 
is submitted to a preliminary distillation in retdi^s 
placed over an open fire. •The following fractions are 
coljec^ : — 

(1) Fidft running^up to about C. 

(2) Light oils or crude naphtha, up to about 170° C. 

(3) Middle or carbolic oils, from 470° to 230® C. 

(4) Creosote oil, from 23o®«to 270® C. 

► (5) Anthraceite^)^, over 270° C. 

The first two fractions arc often collected together, 
in which case they are referred to as the " total light 
oils ; they are accompanied by. the aqueous ammonia 
which remained in» the crude tar after contrifu^ng 
(usually 2 to 3 per cent.). The^still residue consists of 
pitch. 

Molinari (“ Organic Chemistry ”) givq^ the following 
mean compositions for gas and coke ofen tars : — 



GAS TAR 

COKE-O^EN TAR 


per cent. 

per cent 

Benzol to 135° 

-* 3612 

12 '60 

Benzol ^ 

- 15-59 

16-42 

Phenol oils - •- 

- i8-oi 

18-47 

Residual middle oils 

- 26-51 

49-36 

Water and loss - 

- 3 67 

. 3-09 


Reference may iJe made^to Butler's Article on “ Modem 
Practices in Coal Tar Distillation," ^ and " Notes on the 
Commercial Fractionation of Benzene, Toluene, and 
Xylenes." ^ 

Sampling , — ^fhe importance of proper saiftpling was 

^ Butler, J.S.C.L, 1918, 37, 23 T. Bu^Jer andiPopham, ibid., 
*9*8, 37, 220 f. 
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pointed out ki dealing with coal (see p.* 8). As the 
samijling of a viscous liquid like tar ifftewise requires 
carqfiK attention f a f^w, words may be said on the 
subject. * The following recommendations are due to 
Weiss and others.^ If the tar is being pumjfed, a half- 
inch sampling pipe is inserted in a line with thtf flow of 
the.tar, half-way to the centre of the main pjfH/‘6n fhe 
discharge side of the pump, the iifter open end of the 
pipe being turned at^an angle of 90® so as to face the 
flow of the ter. One galjpn per 1000 gallons is thus 
taken off, 4 c(?pt at a temperature of nqf over 49®, and 
as soon as the pumping is o\iir, fhe large sample is* 
thoroughly mixed and a quart sample is*taken from it. 
If tile tar is dealt with by gravity, it may be continuously 
sampled* by a small drip pipe inserted into the maih 
pipe, or by dipper full samples taken at frequent and 
regular intervals. Tai*in^ tanks is sampled at various 
depths by the use of small weighted boftles fitted with 
tight stoppers Vhich may be pulled out with string, or 
by samphng cocks at different levels. In each case the 
large satnple is mixed and dealt with as already de- 
scribed. The sample for analysis should, be kept in a 
well-closed vessel. 

Specific Gravity . — ^The wat^r tis first separated as 
foUov^ : the tar is allowed to stand in a conical flask 
immersed in water at 50®, for 24 hours ; the water 
collecting at the top is poured off* as completely as 
possible, the reA beifig absorlfed by drawing a piece of 

Methods ot Analysis used in the Coal Tar Industry," by a 
Committee American Coal Tar Chemists, under the presidency 
of J. M. V^eiss, J.I.E.C., 1918, 10. pp. 7321 817, 911, 1006. 
Standardise methods arc given for the analysis of crude and 
distilled tars, laiddle oil, light oil, and benzols. The apparatus 
and methods are very fuIiy describecU • * 
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filter paper ovej^the surface.^ The tar is Aeif coaled to 
15® and its specific gravity determined at this tempei^- 
ture. For this purpose, the pykmoijiefer or^hy^romCter 
cannot well be*used owing to the* viscosity of the tar*^t 
ordinary temperatures. Liypge advisees the use of an 
ordjn^^ cylindrical weighing bottle of about 50 c.c. 
capacity, % vertical gjpove, about a^nm. wide and 2 mm. 
deep, being cut in the glass stopper. The bottle is 
weighed dry and empty, and then, yhen filled with water 
at 15-5°, in the usual way. it is then aboht two-thirds 
^fjled with the tfii* and placed, without the Stopper, in 
hot water for one hour ft) get rid of air bubbles. After 
cooling, the bottle and stopper are .weighed with the 
tar. * Boiled distilled water is then added to fill the 
bottle, and the whoie weighed after allowing fo strfUd 
in water at 15 ’5®. From these data, the weight and 
Volume of the tir are readfiy/calculated, and hence 
the specific gravity. 

As previously mentioned, the specific ^avity of tars 
which consist mainly of aromatic •hydrocarbons is 
usually above 1*000 ; if un^er this figure, the tar is 
generally^ not suitable for the production of substances 
for synthetic purposes, ^he mean specific gravity of 
gas tar from hbrizontSl or sloping retorts is, according 
to Kohler, 1*155 ; vertical retorts, according to 
Bueb, 1*100. Most coke-oven tars have specie gravities 
of the same order,* Ijjng between i*i and i*3f The 
specific gravity is influenced to some extent by the 
amount of free carbon in the* tar. 

Free Corftofi.—Kraemer and Spilker warm*i part of 

^ Weiss (footnote, p. 42) describes a distillation, meniod involv- 
ing the use of special apparatus for the ^timation of water in 
tar and for the dehydrating of tar. 
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tar wfth J parts of aniline, and pour thg liquid on to an 
uftgkzed porous tile, whicll will absorb the soluble part 
of the* t^r iftid tfie gniHi*c, leaving the insoluble carbon 
a,s*a flaky mass. The latter is transferreci, without loss, 
to a weighed watch glass, ^nd weighed after* drying in 
a steam oven for several hours. A more accurate method 
is fecommended by, Weiss (footn^e, p. 42)^ The dry 
tar is passed hot through a 30-mcsh sieve to remove 
foreign substances, vio grams arc weighed in a 100 c.c. 
beaker and ^cligcsted witlppure toluene at 90° to 100° 
for not inbre than 30 minutes, stirifng frequently. ,A 
filter cup is prepared as follows : — Two 15 cm. circles 
of Whatman No. 50 filttfr paper, one of which has been 
cut down to 14 cm., are folded symmetrically round a 
stitk of about one inch diametcf, the smaller paper 
inside, so as to form a cylindrical cup about two and a 
half inches long ; the cypis soaked in%enzene to remove 
grease, dried in a steam oven and kept in a desiccator. 
The toluene t*ir mixture is poured through the filter 
cup, which has been wetted with toluene, returning any 
filtrate which may not bp clear to the cup, and the 
beaker is washed out with toluene till tlean^ using a 
camel-lyiir brush to detach so^d particles ; all washings 
are passed through the filter cupT after which the latter 
is washed with pure benzene and allowed to drain. A 
filter pape^ or alundum cap is then placed on the cup, 
and rtie whole place^ in an extraction apparatus (see 
p. 87) and extracted with pure benzene until the de- , 
scending benzene is colourless. The cup is then removed, 
the cap taken off, and the cup dried in a steam oven and 
weighed ifi % weighing bottle, the increase in weight 
being the iniitter insoluble in benzene. Approximate 
results may be obt^n^d working en tar i^ch has not 
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been dehydra\e^d, if not more than 5 per dbniPL of^water 
is present. 

Falciola^ adopts a process Das«a^n'’LerutTs metlioa, 
gradually introducing 5 grams of tar into 125 to 155 c.c. 
of olive oiidt 140° to 160°, ligating to 180® to 190®, then 
cooljn^o 150° and filtering through a tarcd filter. The 
residu^^timilarly treated with 50 ^o 70 ex. of oil, and 
transferred to the fiJter by washing with ether ; the 
filter and contents are washed wi^h ether, dried, and 
weighed. 

^Falciola finds.9«to 26 7 per cent, of free •carbon in 
"Italian tars ; the limits*usually given are 10 to 30 per 
cent. The forination of free earbon.is encouraged by 
high •distillation temperatures ; gas tars are therefore 
ifible to contain mgre of tliis constituent tha^i coke- 
oven tars. The carbon, which is deposited as a hard 
graphitic mass, rediains in tl^p rt’tort, forming part of 
the coke ; part* of the finely divided carbon, which is 
formed at the same time, passes over wi^ the tar, and 
part remains in the pitch after the volatile portions have 
been distilled off. It is possible to estimate roughly the 
amount of pitoh which may be expected from a tar from 
the amount of free carbon which is contained^ in the 
latter, as good ^itch df medium hardness, as produced 
by most tar distillers, contains, on an average, abo^t 28 
per cent, of free carbon. Tars containing a large propor- 
tion of this constituent are apt to froth on distillation. 

Distillaiion Test . — ^This test is carried *out with a view 
to ascertaining the nature and* approximate amounts.of 
the various fractions obtainable on distilling fhe tar on 
a large scale ; as it is hardly possible to repf^duce the 

^ Ann. Chim. Applic., 1917, 7, p. 152: abs.mAnalyst, 1917, 
p. 246. 
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condition! obtaining on a manufactu|ing scale in an 
ofdinary small scale laboratory operation, it is customary 
to^iisti^frdm 3 fo s of tar in specially constructed 
ipfetal vessels. Such Aethods will not described here, 
as they cannot* be conveiiently carried oiif with the 
ordinary laboratory equipment ; for a detailec^escrip- 
tioii, including also^the estimatioj^ of water idiar, see 
Lunge’s “ Technical Methods of Chemical Analysis." 

The following sn^ll scale operation, devised by B. 
Nickels, is cfescribed, as ii will afford an opportunity of 
studying the behaviour of coal tar distillation, aijd 
provide further material for afialytical work : 250 c.c. 
of tar are introckiccd mto a glass refort of 750 c.c. 
caf)acity ; the retort is placed on a cup-shaped piSce of 
cifersc wre gauze which rests in a circular hole in a piece 
of sheet iron. No thermometer or special condensing 
apparatus arc necessary* and the Iftai is supplied by 
means of a powerful Bunsen burner wfiicli is protected 
from (lraughtsj)y asbestos screens. The retort is covered 
by a dome, which may be made from a tin can, a trifle 
larger than the bulb of the retort, by cutting out a 
piece from its side in order to make room for^the neck. 
The hejating is regulated so ^hat the distillate falls in 
drops in rapid succession ; tow^ds thft end, it will be 
necessary to heat strongly, so that the wire gauze , 
becomes r^d hot ; when the pitch begins to intumesce. 
the heating is discontinued. ^ If the* distillate solidifies 
in the tubulure, it is melted down by cautiously heating^ 
with a Bunsen flame, fhe distillate is divided into the 
following* fractions : — ^ 

(x) Arflmopiacal liquor and total light oils. 

(2) Middla and l^eavy oils. 

(3) Anthracene ^s* 
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Fraction (i^ j^coUected in a graduated cyliifter, which 
is changed for a small weighed beaker as soon as aflrop 
of the distillate solidifies when drdpped into ^ater. The 
amount of toti light oils will be \oo small for examina- 
tion ; aft^r reading off theirwolume, they are separated 
frogi the ammoniacal liquor, which may then be titrated 
by mean^of stand^d acid, in order to estimate the 
ammonia. The second fraction will, at first, consist 
largely of solid naphthalene, and wjll afterwards become 
more liquid. When a drop o^the distillate, .collected on 
a, cold metal surfat^ deposits yellow or greenish amor- 
phous matter, the receivir is changed for a second small 
weighed beaker in which the last fraction is collected 
iintil*the heating is discontinued. The second and third 
fractions may be weighed, the former being assayed for 
phenols, or tar acids, and the latter for anthracene, by 
itlethods subse<^ueltly describe^ When the retort is 
nearly cold it is plunged into cold water ;^the pitch will 
then shrink, so that it may be removed*in a lump on 
breaking the retort, and weighed. Kno\ving the .volume 
of the tar distilled and its specific gravity, the percentage 
amounts qf th^various constituents weighed may readily 
be calculated. 

During the l5rst stages of the distillation,^ the 
presence of water may cause bumping ; should the 
inconvenience caused thereby be serious the tar 
should first be freed ^om wa^pr by the mMhod 
.described under the determination of the specific 
gravity. 

The above process must, of course, not be r^arded as 
an exact analytical operation ; apart from jthe Tact that 
unavoidable losses of the lighter constituents* will occur, 
it must be borne in mind that the relative amounts of 
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the virioite factions may vary according to the rate of 
the distillation. • 

Wdiss^ (f(K)tnofe, 4?) describes a more accurate 
laboratory method fof distilled tars ; bting accurately 
standardised in every det^l, this method iS*far better 
adapted for obtaining comparable results than the fore- 
going one. Briefly,^ it consists in distilling c.c. of 
tar at the rate of i c.c. per minutt from a 250 c.c. dis- 
tilling flask of speciii^ dimensions, resembling the Engler 
flask (see Fig*. 15, p. 212), through a condensing apparatus 
of special dimensions ; an accurate nitrogen thermometer 
is placed as shown in Fig. 15.* Fractions are collecte*cr 
as follows in grachiated cylinders ; — up to 110°, no® to 
170°, 170® to 2 35®, 235® to 270®, 270® to 300®. The flask 
is«heatM by a naked Bunsen flange, and shielded frofn 
draughts by a cylinder of metal. For further details, 
the original paper maf^b§ consulted. • 

The Exami.vai:ion of First Runnings and Light Oils. 

Whefi these two fractions arc collected together, as is 
often the case, they are 'known as " fij:st light oils,” 
"crude or once run naphtha,” or "total lljght oils.” 
For the sake of clcaniess, the latter term will be employed 
to signify the total distillate, exclusive of ammoniacal 
liquor, resulting from the first distillation of coal tar, up 
to th^ point at which the distillate becomes heavier than 
water. The pfoducts comin|f under this heading are 
usually yellow to dark brown, mobile liquids of a pene-* 
trating sftiell recalling ammonium sulphide, carbolic acid 
and naplj.*halene. at the same time . A gl een fluorescence 
is sometimes observable, owing to tar carried over in 
small quanffties dfiring the disl^^tion. The total light 
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oils are usuaflj^ompletely volatile below i8(f ori redis- 
tillation, and hai^e specific gravities ranging from (f -^o 
to 0 950. 

According to Kraemer and Spflker (Muspratt-Buntc.’s 
“ Chemistry," Vol. VIII., p*i6), the composition of the 
tot^al li^it oils is as follows 

Phenol, consistii^ of phenol, gresols (cliierty rm^ta 
cresol) and small quantities of xylenols, 5 to 15 per 
cent. 

Bases, chiefly pyridine an^ its hoinologues, i to 3 per 
^gent. • • ^ • 

Sulphur compounds, Consisting of carbon disulphide, 
thiophen and ils hoinologues, o i percent. 

Xftriles, such as aceto and benzo-nitriles, 0-2 to 0-3 per 
cent . . ‘ 

Neutral oxygen compounds, such as acetone and 
Coumarone, i o t(f i *5 per cen^;. / 

Hydrocarbons, 3 to 5 per cent, being olefines from 
hexylene and upwards, 0 5 to l o percent., paraffins 
beginning from hexane, and i o to 1 *5 Y>€r cent., unsatu- 
rated compounds which combine with bromine at the 
ordinary^temperature, such as cyclopentiadenes and the 
hydrobenzenes, ^ 

The remainidg 80 pdr cent, consists of aromatic hydro- 
carbons, of which about four-fifths belong to the benzene 
series, and one-fifth to the naphthalene and pther series, 
including hydrocarbons of higher molecular weightf The 
benzene hydrocarbons consist approximately of benzene, 
100 parts; toluene, 30 parts*; xylenes, 15 parts; tri- 
methyl benzenes, 10 parts ; tetramethyl benzenes, i part; 
together with traces of higher methyl and ejthfk benzenes. 
Paraffins, olefines, and naphthenes mayjje present in 
varying aradlints, but should be \)ractically absent from 

A.1.A, 
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oil? which are to be worked up specially for aromatic 
hydrocarbon^. 

Althou‘gh, as will b*e gathered from the above list, the 
light oils are exceedingly complex mixtures, thg tests to 
which they are usually submitted in the laboratory are 
jimited to {a) the determination of specific grav'ly, {b) 
fractional distillation! and {c) the estimation oi phenols. 
These tests will, at any rate, enable the analyst to dis- 
tinguish between first ‘runnings, light oils and total light 
oils ; in order to fully understand the jignificance of the 
results obtained, it will, howevfjf, b« necessary to have 
considerable experience in dealing with the products in 
question, both in tfie laboratory and on a manufacturing 
scale. Further chemical tests are applied to the purer 
products obtained from the first runnings and light oils 
on distillation. (See JdcIow, under Benzols, Com- 
mercial Benzene, Toluefte*and Xylene."^ 

Specific Grai% 7 y.—This may be determined by means 
of an ordinary hydrometer or sjxjcific gravity float, 
or, moro accurately, by means of a Westphal or Mohr 
balance. An instrument "of this type is shown in 
Fig. 6. For use, it is mounted as sho^, the ther- 
mometer plummet being susj^ntied in foiled distilled 
water at 15 5° from the end of the graduated beam by 
‘ means of a fine platinum wire; equilibrium is estab- 
lished ^by means of the adjusting screw, with weights 
corresponding t*^ a specific g.avity of l oooo on the 
beam. Each of the largest weights corresponds to o-i 
in the figure for the specific gravity ; one of these may 
therefore he suspended from division 10, or two of them 
from division 5 when making this preliminary adjust- 
ment. The Vessel containing the water is then removed, 
and the plummet io wiped dry* and suspended in the 
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liquid of whiclW:he specific gravity is to be detemiintd, 
without disturbing the 
adjustment of the in- 
strument. "The tempera- ' 
ture of #he liquid should 
be*th^l^e as that of 
the water which it^as 
replaced. The pointer 
of the balance is then 
brought back infco its 
‘Original position by ad* 
justing the fiecessary 
weights on the gradu- 
ated arm, taking care 
that the suspending wire 

immersed to thf same •'Vcstphal Sp*utic Gravity 

depth as before*; as each * * * 

weight weighs ten times as much as thtf next smaller 
size, the specific gravity may be cjirectly read off 
without any calculation. If the specific gravity float 
is used, it wilj also be neces^ry to have the liquid at 
15 - 5 ". 

The specific gravity*orthe total light oils usually lies 
between o-qio and 0 950. The average specific gravity 
of English first runnings is 0 900, and that of light oils 
0 - 975 - 

Distillation Test.— For Ithe carrying «ut of this test, 
several methods are in use, and it is, therefore, necessary 
to exercise some caution in comparing results obtained 
by different anidysts. The most scientificallj; accurate 
method consists in distilling the liquid front g flask fitted 
with an effective fractionating coluifin. When such an 
appliance is inserted b^ween the distillation flask and 
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th^ condenser, the higher boiling portictts of the liquid 
whijJijnight^otheiwise be carried over \^ith the vapours, 
are conchjnsed and ^'up back into the flask ; a more 
complete separation of the constituents acfi9rding to 
their Wling points is thus ob- 
tained. For the present^jj'M'pose, 
Lunge reconimends the use of a 
three bulb Linncmann apparatus 
•or the Hempel tube. Sidney 
Young’s “ Pear ” and “ Rod and 
Disc ” forms^ figured here, art . 
also very cfficientu for the frac- 
tionation of benzols. 

The thermometer should be 
placed so that the upper end of 
tlie bulb is oq a level with the 
liftitlom of the side tube of the 
column ; it should be graduated 
in fifths of a degree and tested 
by comparison with a standard 
thermometer within the range 
required, and correctioiB, if any, 
noted ; 'bt^ore u^e, it may be 
Sidney Younu's "Kod tested in steam from water boil- 
Fractionating ( ohiinns ^g in a distilling flask, in which 
* case the correction will include 

that for barometric* pressure; if the pressure should 
have altered, the correction may be made at the rate ' 
of 0*47® jver 10 mm, A straight Liebig condenser, at 
least i 8 inphes long, is used, and the distillate is caught 
in graduatfd cylinders which have been calibrated 
by comparisbii with an accurate burette. The flask 
is heated by a small naked flame, and protected from 
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draughts by means of a cylindrical rott of fifle*wire 
gauze. Distillftion is usually carried out at the, rate 
of one to two drops per secoi^^ c.c.«of tho*lUiuid 
may be distilfed from a 500 c.c.* flask, and the volume 
of the distillate noted every 10°, from 80® and onwards. 

Front the results thus obtained an approximate idea 
mJy bNprmed as to the composition of the liquid, which 
will give some indication of the jxirtion of the coal tar 
distillate of which it is composed. , Working with larger 
quantities, preferably freed /rom 'carbon disulphide, as 
described belov^ J^enzene, b.p. 80 -2°, and*t9luene, b.p. 

’ 1 10 '7°, may be sepefratori in a state of purity, or fractions 
may be obtaiiibd for analysis as descijbcd under benzols. 
Ortho, meta and para-xylenes, boiling at 142°, 139® and 
tjS® respectively, are obtained as a mixturb ; they 
cannot be separated by fractional distillation. 

• Good first runmngs should^ ad'ording to Lunge, yield 
at least 10 pef cent, by volume, below 100®, and when 
the product collected up to 130® is redisjilled, it should 
>ield at least 25 per cent, of its volume below 100°. 
First runnings yield, on an average, about 78 per cent., 
by volume, bglow 171". * 

Light *oils should yield little below 120®, and about 
30 per cent, by volumer between 120® and 171®. All 
which comes over above the latter temperature belongs, 
properly, to the carbolic oil fraction. If an appreciable 
amount distils below 120®, the oil probably contams first 
runnings, while if the tdtal yield* up tb 171® falls con- 
siderably below 30 per cent., a portion of the coal tar 
distillate, properly belonging to the carbolic oU, has 
probably beenbJlowed to run into the light 
Other methods for examining first runmags and light 
oils, involving distlljatjon, are givefl undw the heading 
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" The^lxamipatioii of Benzols, etc.” "ihe^ also include 
the estimation of paraffins and carbon dwulphide. 

DeUrmination ({f Phenols,— T\it following rapid method 
does not yield results jbf great accuracy but may con- 
veniently be adoj)tcd in technical work. It based on 
the solubility of the phenolk, and the insolubility of the 
neutral oils in caustic alkali solution. 50 c.^of 4 :he 
sample are introduced into a gradkated glass-stoppered 
cylinder of about 250 c.c. capacity, and 100 c.c. of a 
9 per cent, splution of sodium hydroxide are gradually 
added . Tho whole is well mixed by shaking, and allowed 
to stand until it has separated into Wo well-defined, 
layers ; the volume of the neutral oils is then read off 
and subtracted frbm the original volume of the saipple ; 
the difference is taken as an approximate measure Qf 
the phenols present. A more accurate reading is got 
by adding a volume o{ ixitroleum cth^r equal to that of 
the sample and deductkif^ this from thejinal reading. 

More accurate methods for estimating phenols are 
given below, >^hen dealing with the purer products (p. 
55 ). • 

Light oil is used as such, for making varnishes for 
wood and iron, and occasionally also as* an illuminant 
and as a solvent for pitch. By far the post important 
use qI* light oil, as well as first runnings, is in the manu- 
facture of the “ benzols " of commerce, from which 
benzene, tcluenc and xylene may be produced in a state 
of purity for fhe rranufactvre of colours and other 
valuable products. 

Before ♦redistillation, the first runnings or light oil 
are washqdi first with dilute sulphuric ,#icid to remove 
pyridine 'bases, then with concentrated sulphuric acid 
to remove defines, and other unsaturated comnoonds 
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sucfi as coumarone, indene, cyclopentadiene^etc* Arhich 
are convertecP^into resinous bodies, and ^ally^with 
dilute alkali to remove phenols. 


pS rcentage UistilWns below ^ 

• 


Sp. Cr. 

Approximate 

Composition 

• 'X 

\r: 

!'Jo“ 


160“ 

( . 

at 

> 5 ‘S"C. 

• 

90 per cent, 
benzol. 

• 

90 

• • 


' t 

• 

fi-88o 

to 

0-888 

• 

i 

70 per cent, 
benzene, 24 per 
Qtfnt. toluene, 
traces of xylene, 
4 — 6 per cent, 
carbon disul- 
phide and light 
paraflins, etc. 

^<>0 per cent 
l>en7ol. 

50 

90 

1 


o-88o 

to 

0-872 

Chiefly toluene 
and xylene with 
a little benzene. 

30 per cent. 

• benzol. 

30 

• 

90 

! 

1 • 

0-875 

Chiefly toluene 
and xylene. 

Solvent naphtha 

i.V?/ 

- 

|8- 30 

V 

0*875 j 

Chiefly xylene 
^and higher 
homologueswith 
* a little naphtha- 
lene and par- 
aftins,*tetc. 

Burning 
naphtlja. • 

Nil 

» 

1 

! 

4 

1 

• 

1 

• 3 « 

0-885 

Chiefly xylene 
and higher 
bomologues; 
naphthalene and 
paraffins, etc. 

• 


The chief products resulting from the distill^i^on of 
the washed light oils of tar are set but in the above 
table, together with their behaviour on further fractiona- 
tion, specific gravities and approximate colnpositions. 
The results quoted here have been collected^from data 
given by Lunge and Allen. 
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■ The E?fAMiNATioN OF Benzols and^Commercial 
Benzene, Toluene and Xylene. 

'/he idsts commoAly* applied to these products, some 
of which arc described in the accompanying, table, are 
(a) the determination of spetific gravity ; (&) thQ investi- 
gation of behaviour on fractional distillation^(c) 4 ;he 
estimation of carboif disulphide ; atid (d) the estimation 
of non-nitratable hydrocarbons or paraffins. Carbon 
disulphide occurs chiefly in 90 per cent, benzols (see 
table), an(J «rnly in compafatively small amounts in the 
higher boiling benzols ; its presence' in appreciable, 
quantities, in benzene which is to be nitrated, is objec- 
tionable. Light hydrocarbons, including olefines, ^con- 
sisting mainly of pentene, and paraffins, occur chiefly 
in the low-boiling benzols, though higher open chain 
hydrocarbons are oftep met with in ^the heavy benzols 
and in commercial toluefie and xylene^ The presence 
of such impiiriti(‘s in appreciable amounts is highly 
objectionable, ^causing trouble in the nitration process, 
and lowering the yield of amines. Commercial benzols 
are sometimes adulterated with petroleum spirit, which 
consists chiefly of heptane, or with shale naphtha, which 
contains about 50 per cent. c 4 olefines, mainly heptene, 
and ^bout 50 per cent, of paraffins. 

In addition to the above-mentioned tests, the following 
tests for determining the relative purity of benzene, 
toluene and xylene* are described : (c) the bromine 
absorption test, and (/) the sulphuric acid test. Under < 
the headijig Xylene wall be described the estimation of 
raeta-xyl<yie in presence of its isomers. •. 

The vJduetof a benzol depends, first, on its relative 
freedom fran the qndesirable impuriti^ mentioned 
above, and second, bn the pfiopbrtion of benzene or 
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toluene presenj^ the latter substances beibg <wo*of itie 
most valuable constituents of coal tar. As regards the 
xylenes, only the meta isomar is pf liny valine !o»the 
colour manufacturer, the ortho And para isomers being 
looked 01! as undesirable impurities. 

specific Gravity . — This is best determined by means of 
the Wes^phal balan<^, as describec^on p. 50. 

The indications afforded by this test are not always 
of a very definite nature. In the* case of 90 per cent, 
benzol, a high specific gravity may genei^ly be taken 
^ pointing to ilife. presence of an appreciabte quantity 
of carbon disulphiac. •I'he specific gravity of coal tar 
naphtha shoufd never be below 0 870 ; if lower, light 
jjaraffins are probably present, as the specific gravity of 
petroleum spirit is, at the most, only very Iff tie over 
0700. On the other hand, the effect of the presence of 
tarbon disulphidi on the sjec^ftic gravity counteracts 
that of the ligTit paraffins, so that a sample containing 
both of these impurities may well have normal specific 
gravity. (See also following section.) • 

Fractional Dktillation . — ^This may be carrie*d out as 
describe^ under the heading of Light Oils and First 
Runnings ; the volume ^f the distillate should be noted 
at the temperatures giVen in the last table, for comparison 
of results. 

The products dealt with under the present heading 
distil within narrower limits of temperature than the 
crude coal tar distillates from wfiich fhey are derived, 
the constancy of boiling point of a sample naturally 
depending on the number of times which ff has been 
re^tilled witl a view to purification. Th^Jtenns " 90 
per cent, benzol," " 50 per cent, benzol.^ Wetc., refer to 
the proportion of the original safnpfe whidi distils below 
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and up tc^ 100®. According to Allen, a good 90 per cent. 
Benzol should not distil below 80®, ancM)nly yield 20 to 
3o^pfr cent^ below 85® and not more than 90 per cent, 
below ibo®. It shcTuld wholly distillable below 120®. 
Ifi say, 35 to 40 per cent, distils below 85®, too.much car- 
bon disulphide or light hydrocarbons are probably present. 

^50 per cent, benzol should distil wholly bjlew ryo®, 
and should yield 50 ^er cent, belo^/ 100® and 40 per cent. 

between 100® and 120°. 

« 

30 per ceet. benzol should 5deld 30 per cent, below 
100® and Bo^per cent, from 100° to 1^0®. 

Pure benzene, toluene and 3^ylene of commerce distil 
within I® C. • 

A good deal of work has appeared recently on the 
ar^alysis of benzols by distillation. It will only Ve 
possible to refer to a few of the methods which have been 
described, and refereivx must be m^de to the original 
papers for the tables afld*graphs by whioh the results are 
to be interpre1ted,and which are based on results obtained 
with mixtures*of known composition. The methods are 
good enamples of standardised processes suitable for 
the examination of certain technical products. 

The following methods require no special apparatus 
except an Engler distillation •fla^k (see fig. 15), which, 
however, is a stock article with most dealers ; a twelve- 
bulb Young’s pear fractionating column may also be 
required, *100 c.c. of the sample are distilled from the 
Engler flask (without column^ at the rate of 7 c.c. per 
minute ; the directions and precautions to be observed ‘ 
as regards condenser, thermometer and graduated cylin- 
ders, are described under the distillation test, page 52. 

Spielmanp* and Wheeler^ analyse commercial benzols 

• » y‘S.G /., 19^6, 35, p. 396. « 

« « 
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as fallows r-rXhe Volume in c.c. distilling ujj to^go® is 
determined as fast directed, jmd from this the percentage 
of toluene is deduced by referring to yie toluene ^urve. 
Normal amounts of carbon disu^Mde and pamffins do 
not interjiire with the process, and results are reliable 
up to ao per cent, of toliTene. Carbon disulphide is 
estimat^jj by the specific gravity method described on 
p. 64, and the paAffin content fc deduced from the 
specific gravity by referring to the paraffin curve ; as 
mentioned above, paraffins lower ihe specif c gravity, so 
that the amount by which the specific gra^^ty is lower 
• Ifhan it should tfe fir ajnixture of benzene and toluene 
of the determined composition gives a measure of the 
pari^fins. Benzene is determined by Qifference. 

• The foregoing method is only applicable /o good 
average quality benzols containing not more than 20 
per cent, of tolueije, 3 per cent, qf carbon disulphide and 
0 per cent, of ^raffins. It hfls 4 )een extended by Spiel- 
mann and Jones' for the analysis oftfirst runnings, 
wliich differ from benzol in containing loTor 15. per cent, 
of carbon disulphide and up to 15 per cent, of paraffins. 
The general methods of analysis and interpretation of 
results are as just described. (See also page 62 for 
carbon disulphjde.) 

Colman ® determines toluene in commercial V>luols 
and in solvent naphtha as follows : — 100 c.c. of toluol 
are distilled from an Engler flask (without •column) at 
the rate of 7 c.c. per minute, observiiig the directions 
and precautions given under the distillation test, p. 211. 
The flask and condenser should be washed out with the 

* J.S.CJ., 1918, 35, p. 91 1. 

*Joum, Gas Lighting, 1915, 129. pp. 196 and 3*54,. abs, Analyst, 
^9*5. PP- 166 ♦nd 170. • 
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tolueie agd allowed to drain just before making the test, 
thg toluene is poured ink) the flask*trom a loo cx. 
m^aswring .cylinder ^j^hich is just allowed to drain. ■ 
Wlien tile distillation temperature has ranched 105®, the 
flame is removed from the flask, and the (Jtmdenser is 
allowed to drain. The receiver is then changed, and 
tl^i distillation continued till a temperature 117° is 
reached, when the flame is again femoved and the con- 
denser allowed to ^rain. The residue in the flask is 
cooled and poured ftito ^ 100 c.c. measuring cylinder. 
The two •frictions and the residue .sjiould amount to 
99 5 c.c. From the amount iUstitling below 105® and 
above 117®, the amount of toluene is found by means 
of the table, a correction being applied for parafiins. 
TJie pas-affin correction is estimated by distilling 100 c 5 C. 
of the sample from a round-bottom flask of 150 to 200 
C.C. capacity, fitted with a Young s t*v'elve-pear colum,n, 
at the rate of one droj^ per second. Tl?e distillate from 
107® to 1 15® ft collected, and its specific gravity is taken 
at 15 '5^. For ^very o-ooi below 0 868 a reduction of 
three-<fuarters of one per cent, is made in the percentage 
of toluene found by distillhtion. , 

The tables only apply to samples containiri^ from 50 
to 75 per cent, of toluene, and to such -as yield at least 
5 per cent, of distillate below 105® and not more than 
50 per cent, above 117®. Small amounts of carbon 
disu^ohidd, paraffins and cumenes do not affect the 
results, reasonuble 'accuracy* being obtained with the 
majority of commercial toluols w'hich have been washed' 
with caustic soda and sulphuric acid. Samples which 
do not (^GRiform to the above boiling point limits may be 
analysed by’this method if previously mixed with a defi- 
nite volume'of pure benzene or ;^lene or beth (sec paper). 
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Toluene is delwrmined in cQjnmercial solvent naphtha aS 
follows 100 c.cTof the sample are di^illed^at th^fate 
of one drop p^ second from a /ofind-bottom*i5o to 
200 c.c. using the Young column as described 

above, the flask and condenser having previously been 
rinsed oi^with the sample and allowed to drain. The 
distillate up to 138^ is collected ftnd measured in a 
100 c.c. cylinder as described above ; if less than 35 c.c., 
a further 100 c.c. of the sample is#distille(4— the distil- 
lates being combined ; if stfll less than 35^ c.c., the 
«apmple may be faW as practically free from toluene. 
If the distillate. measures above 35 c.c., then 35 c.c. of 
it ar^mi-xod with 50 c.c. of pure toluene and 15 c.c. of 
pH^re benzene, and the 100 c.c. of mixture thus obtained 
is analysed by distillation diri'ct from an Engler flask 
as described abovg. The percentage of toluene found 
from the table i%subject to the*paraflin correction, made 
as described abo\’c ; deducting the 50 one. of toluene 
added from the total found, the amount* of toluene in 
35 c.c. of the distillate is arrived at ; a simple calculation 
gives the percentage of tolutnc in the total distillate 
which rejM-esents 100 or 200 c.c. of the original sample 
as the case may, be. ^ 

^ other methods recently published are as follow ; - Deter* 
nunalion of Xylene in Solvent Naphtha,” Spielmann and Jones, 
J S C.I., 1017, 36, 489 ; ” Estimation of Toluene,, Application 
of Method to Benzene and Xylene,” Tames, ibid., 35, 

p. 236; ' Estimation of Benzene and Toluene in Commercial 
Mixtures,” Edward.s, ibid., 1916. 35, 587; "Analysis of Com- 
mercial Pure Benzols.” Butler Jones, tbid., 1918, ^4, 324 T ; 
” Determination gf Benzene, Toluene, etc., in Coal Tar and 
Similar Products,” Colman and Yeoman, ibid., y5i^,*38, 57 T ; 
” A New Method for the Determination of Tolwene in Com- 
mercial Toluolsf” Northall Laurie, pubMshdd by rf.M, Stationery 
Office. See also Weiss, foofnote, p. 4a. « 
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(s) Carbon Disulphide . — The process*tor the estima- 
tiofi this constituent ;jow to be described, depends on 
the formation of potassium xanthate by^he interaction 
of carbon disulpliide and potassium cthoxide ^^foUows: — 

^ '1^“' ;;0 + CS., = S < C g 5 

The precipitated xanthate is separated and estimated 
by titration with standard copper sulphate solution, or 
analysed for«sulphur.* ^ 

If the seifiplc should be turbid owinp; to the presence 
of water, it should first be detydfeted by shaking lip* 
with plaster of Paris and filtering. For*the estimation, 
Kraemer and Spilker recommend the following process : 
5a grams of benzol are mixed with 50 grams of alcoholic 
potash, made by dissolving ii grams of potassium 
hydroxide in go grams of absolute aicohol ; the who)c 
is then shaken occasionalty during five fo six hours. If 
carbon disulpflide is present, the xanthate will separate 
out in yellow silty needles. The latter are separated in 
aqueous solution by shaking the mixture with 100 c.c. of 
water in a separating funiTel and washing; the remaining 
benzol with successive small quantities of water which 
are added to the main aqueous extract. • 

The xanthate may then be estimated in the aqueous 
solution as follows : A solution containing 12 475 grams 
of crystallised copper sulphate per litre is prepared ; 
I c.c. of this V:orreiponds to' 0 0076 gram of carbon 
disulphide in the titration described below. The aqueous 
xanthate 'solution is acidified with dilute acetic acid, 
whereupon it must immediately be tifrated with the 
copper solu^^ion, as free xanthic acid decomposes spon- 
taneously. A brown •precipitate of cuprous xanthate 
will be formed at first ; on the addition of more of the 
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copper solution, *this precipitate is transformed into^he 
bright yellow cupric xanthate. J'Jie en(J poini is re^tl^ 
when a drop of #he solution taken ouf on a glass rod, and 
placed beside a drop of dilute potassium ferrocyanide 
solution en a piece of filter paper, produces a red mark 
at the p<int of contact of the liquids ; the amount pf 
copper solution whicl?has been addwl should then be in 
slight excess of that required to interact with the whole 
of the xanthic acid present, to^fomf the insoluble cupric 
xanthate. The aipount of carbon disulpMide in the 
sample may then be^alcjilated from the number of c.c. 
of copper solutit)n used, by employing the factor given 
abovo. 

•The following alternative methods may atso be 
employed : — 

Ji.) The acidified solution of pDtassium xanthate is 
treated with an f^xcess of copper hulphate solution, and 
the precipitated cupric xanthate filtered* off, washed, 
ignited and determined as cupric oxi^p or copper, as 
usual. 

(ii.) The potassium x.mthatd solution is warmed with 
an excess bf potassium hydroxide solution and bromine 
till perfectly clear ; th% siilphur, which will now all be 
present as alkali sulphate, is determined by precipitsption 
with barium chloride in presence of hydrochloric acid in 
the usual way. 

After the removal of the dhrbon di^phMe, the residual 
l)enzol should be examined by distillation and tested for 
its specific gravity ; a reduction both in the amount of 
distillate coming over below 85® and in tht^ specific 
gravity should be noticeable if the sample c*qptained an 
appreciable amount of the impurity. * * 

Spielmann and Wheeler (footnote, p. 58) estimate 
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carbon disulphide in commercial benzol^by determining 
the'lpss in speci^c gravity which occurs after treatment 
wifh alcoholic potiAh hifd washing awa;^ the xanthate ; 
in the graph, a loss of approximately 0*003 corresponds 
to I per cent, of carbon disulphide, 0*007 2 per cent., 

and 0 010 to 3 per cent. Spielmann and Jones (footnote 
i,'p. 59) apply thif method to fifst runnings in which 
the percentage of carbon disulphide is usually much 
higher than in benzols, by first diluting the sample 
with fivc^tiines its volunib of benzene free from carbon 
disulphide. ^ 

The quantity of alcoholic potash recopimended above 
is sufficient for thfe removal of quantities up to 5 per cent, 
of carljon disulphide. In very exceptional cases only 
will the percentage of carbon disulphide in 90 per cent, 
benzol exceed this lin^t ; usually it only amounts to i to 
2 per cent. In 50 par cent, benzof it^ may sometimes 
amount to a% much as i per cent., while* in the higher 
boiling products, it is either entirely absent or present 
in traces, The*pure benzene of commerce may contain 
from about 0 * i to 0 • 3 per^^ent . of carbon disulphide. As 
was mentioned above, benzene or tolubne which is to 
be nitrated should be as free as possible from this 
impurity. 

(d) Non-Nitratablc Hydrocarbons. — The so-called 
'' nitrofication test," for the estimation of benzene, and 
non-nitratable^ hydrocarbons, by nitrating the benzol, 
will not be described here, owing to its inaccuracy. The 
following method, due to Frank, Kraemer and Spilker, 
is based ^n the fact that the benzenoid Jiydrocarbons are 
converted, at the ordinary temperature, into water- 
soluble sulphonic acids ; the oily residue wjiichis unacted 
on by the acid piay consist -of* paraffins, naphthenes 
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nyorogenaled aromatic^ hydrocarbons) and carbdh 
disulphide. 

200 grams of the sample afb ^Isfced- in a separating 
funnel, an(^5oo grams of fuming sulphuric acid, contain- 
ing 20 p^r cent, of the anhyflride, arc cautiously added 
in $mall amounts, shaking well after each addition. 
Wh'm tfle whole oA the acid haft been added, the 
mixture is shaken for 15 minutes, and then allowed 
to stand for two hours to separate. ^ The lower 
acid layer is run off, aiTd the uppor flayer is 
tftjated with t\to successive portions of 500 grams 
of the fuming acid as just described. The oily 
layer is separated off, and the aCid extracts arc 
united and run slowly and cautiously on to ay equal 
weight of pounded ice. Care should be taken that the 
temperature does not rise above The diluted acid 
\n 111 contain a egrtain quantity of oily residue, unacted 
on by the fuming acid, which has either been dissolved 
by the sulphonic acids, or mechanically femoved from 
the main portion. This is separated by distilling the 
mixture from a flask, over a, free flame, the distillate 
being caught iif a small separating funnel. When, apart 
from any oil which passes* over, 50 c.c. of liquid have 
been collected, the distillation is discontinued, anej the 
oily portion of the distillate separated from the aqueous 
layer and added to the main portion. Th^ latter is 
treated with successive portions o{ 30 ^.c. of fuming 
sulphuric acid as described above, until no further 
sensible diminution in volume takes place. Tha residual 
oil is washed wjjth a small quantity of distilled water 
in the funnel, separated carefully, transferred to a tared 
flask and weighed. If the carboQ disulphide has pre- 
viously been determined? it may be (Jeducted from the 

A, I. A. 
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total non-nitratable matter.^ The remaifKier will consist 
of parens, and possibly also of naphthenes. 

fiy this method, the presence of an undesirable amount 
of paraffins, which in some cases may be due tp adultera- 
tion with petroleum spirit oc shale oil, may be detected. 
Benzols should only contain a few tenths per cent, of 
pataffins, or at the most, only i p^r cent. Commercial 
xylenes, however, sometimes contain up to 3 per cent, 
of this impurity. 

The mctlipd given for the determination of aromatic 
hydrocarbons in petroleum (p. 219) may be referred to 
in connection with the above method and other methods 
involving the use of fuming sulphuric acid. As this 
reagent ^attacks some paraffins, some workers prefer to 
use acid containing only 3 per cent, of SO3, while it will 
be seen that Thole uses 98 per cent, sulphuric acid. It 
is possible that the metliod just described might be 
modified on tjie lines described on p. 219 with advan- 
tage. The paper by Colman and Yeoman (footnote, 
p. 61) jnay also* be consulted. Here the paraffins are 
estimated in the fractions^ up to 90® and from 90° to 
140® by the specific gravities of the distillates freed 
from carbon disulphide, assuming the specific gravities 
of the paraffins in the two fractions to be 0 73 and 074 
respectively. It is also necessary to know the propor- 
tions of tl^ various aromatic hydrocarbons present, the 
detennination of whiph is described in the paper. 

Weiss (footnote, p, 42) describes a more rapid method 
which is better suited for technical work than the above. 
10 c.c. of the benzol is measured into ^ Babcock milk 
bottle (stfe Fig. 22, p. 271), and 10 c.c. of fuming sulphuric 
acid contaifiing 20 per cent, of free SO| are ^slowly added, 
cooling the bottle in ice water and shaking vigorously 
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after each aJdiiion. When all the acia nas Decn added, 
the bottle is removed from the ice batl^and shakeij until 
the temperature rises to about 40°, and* aliemafely 
cooled an(^shaT<en for fifteen minutes, keeping the tem- 
perature below 40“. 10 c.c? more of the acid are then 
added to the cooled mixture, which is repeatedly shaken 
and coofed, still keeping the temperatiire below ^0°. 
I'iniUly, the mixture is allowed to stand at about 35® 
for half an hour after which the pottle is again cooled 
in ice water ; water is then •added cautioi;sl^ in small 
^c^uantities at a <i?n^, through a funnel which may be 
made by drawng out a^cst tube, so that the water will 
enter below the surface of the acid. • During this part 
of the process, the bottle is shaken and cooled alternately 
as above. When sufficient water has been added *to 
bring the level of the liquid wtII within the graduated 
jfortion of the^ bottle, the botile is whirled for five 
minutes in a milk centrifuge (see p, 269)^ The volume 
of the paraffins is read off in terms ‘of the larger 
division on the neck of the bottle, neglecting any 
solid sulphone which ma>i have collected between 
the two, layers. Twice the number of these divi- 
sions gives the percent of paraffins by volume in 
the sample. 

The following test^ are sometimes applied in order to 
determine the relative puritv of commercial benzene and 
toluene or benzols : — 

Bromine A bsofpiion T esi. — ^I'his test , devised by Frank, 
Kraemer and Spilker, gives an indication of tlje amount 
of hydrocarbon^ present, which combine with bromine 
at the ordinary temperature, i.e., unsaturafed com- 
pounds, which should have been r^ovetf during the 
treatment of the benzol with strong sulphuric add, (See 
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p.* 54.) If is not applicable to xylene#«r to mixtures 
contJiiping much this constituent. 

A* lont 4 i norm^il bK^rfliite solution is prepared by dis- 
solving 9 9167 grams of potassium bromide ^nd 2 7833 
grams of potassium bromattf in water and making up to 
I litre ; i c.c. of tliis solution will liberate 0-008 gram, 
of T^romine on acidification with dilute sulphuric acid.^ 

Five c.c. of the sample are placed in a stoppered bottle 
of about 50 c.c. capacity, together with 10 c.c. of 20 per 
cent, sulphupc acid, and much of the bromide and 
bromate solution as the sample will dprobrise after shakr 
ing uninterruptedly for five minutes is quickly added. 
The end point is indicated when the oil floating on the 
top shows an orange* red after standing for fifteen 
minutes, and a drop of it momentarily produces a dark 
blue colour on zinc iodide and starch pajier. IVeliminary 
trials must be made in wrder to determine how' much 01 j 
the bromine sc^ution will be required, for in the actual 
determination it is neccssarj^ that the full amount should 
be adde^ at once,* as directed above. 

Pure benzene or toluenq of commerce should give a 
distinct permanent colour after adding only c.c. of 
the bromine solution. Comm^^rcial 50 per cent, or 90 
per c§nt. benzols require, on an^average, 0-6 c.c. and 
rarely more than i c.c. 

SulphuriQ Acid Tesi . — ^This test is also due to Frank, 
Kraerfier and Spilkef; it giyes an indication of the 
relative amount of matter present which will react with 
strong sulphuric acid at the ordinary temperature. 
(Compare introductory remarks to the bromine absorp- 
tion test.) » 

Five c.c. \>f the sample are vigorously ^shaken with 
* 5 KBr 4 KBrO, + (> HjSO, == 6 K«SO, + 3 H ,0 + 3 Br,. 
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5 c.c. of conwntrated sulphuric acid m a stoppered 
bottle, for fiv^ minutes, and then compared a 
solution of potassium dichrofti^te^in 50 per fent.*sul- 
phuric acj^, contained in a similar bottle. 50 and 90 
per cenf. benzols should exhibit a colour like that of a 
sohition containing 0 5 to at most, i 5 gram of chemically 
pure potassium dicHromate per litre. Xylene will §ive 
a colour like a solution containing 12 to 2 0 grams per 
litre, while pure benzene or toluene of commerce should 
give no colour at all. 

^ • According to*(!olmi^n (footnote 2, p. 59) commercial 
toluene should comply with the following test : — 90 c.c. 
of the sample shaken with 10 c.c. eff 90 per cent, sul- 
phuric acid for five minutes should develop i^ot more 
than a light brown colour. 

Weiss (footnote, p. 42) gives a more elaborate set of 
Standards ma(^ from solutiotis*of ferric and cobaltous 
chlorides, and potassium chromate or .dichromate 01 
definite concentrations, or mixtures of these. One ounce 
French square stoppered bottles of uftiform shppe and 
size are used for the standards and the tests ; 21 c.c. 
of the sample? are shaken vigorously for fifteen seconds 
with 7 c.c. of 96 per cent « sulphuric acid, and the colour 
is compared with the standards after standing for f fteen 
minutes. For details of standards see paper. 

X«VLENE. 

The xylene as obtained by the distillation pf coal tar 
contains the thjee isomeric dimethyl benzenes in varying 
proportions, together with smaller quautiti^ of the 
higher benzjne homologues and p^raffinS, Of these 
constituents, meta xylene is the onl^ one of any use in 
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the manufacture of dyestuffs; the ositho and para 
isomers are not qply useless for this pujrpose, but have 
to be removed before?th^ dhemical treatment of the meta 

c ( 

xylene is proceeded with. Paraffins are a ve|;y undesir- 
able impurity and may render the xylene lyifit for 
colour making, if present in large amounts. The follow- 
ing* variations in composition of xj^lenes from English 
and Scotch tars were found by Levinstein : — Paraffins, 
3 to 10 per cent., ortho xylene, 3 to 15 per cent., para 
xylene, 3 to rio per cent., jfnd meta xylene, 70 to 87 per 
cent. 

In practice, most of the ortho xylene is usually removed 
as sulphonic acid In the treatment of the benzol with 
sulphur\p acid (see p. 54) ; meta xylene may be separatee} 
from its isom(;rs by converting the mixed xylenes into 
sulphonic acids and th^n steam distilling, when only the 
meta xylene will be regenerated. 

Deter mi natioti of Meta Xylene and I'arajfins in trnae 
Xylene . — The method described here is due to Crafts. 
A weigljed quantity of xylene, about 10 to 20 grains, is 
poured on to two and a half times its weight of concen- 
trated sulphuric acid contained in a tube bf hafd glass ; 
the depth of the xylene layer in millimetres is noted, 
after .which the tube is sealed and heated to 120® for 
one hour, the contents being well mixed by shaking 
from time »lo time. After cooling, the tube is opened, 
and tbc contends are treated iwith three to four times 
their bulk of a mixture of equal parts of concentrated 
hydrochlcdc acid and water, shaken well and allowed to 
stand for pne hour at the ordinary teiqperature. The 
insoluble* oily layer, wliich consists of saturated hydro- 
carbons, ch&fly parafifns, is measured in ^ the tube by 
noting its depth in piillimetres, 6r better still, separated 
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oS in a funn^,^stilled and weighed. THfe sftlveht agd 
is returned to thg. tube, which is then resealed and heated 
to 122® for twenty hours. Afike*tlys freatmenj, ^noily 
layer will have*been formed which will consist of approxi- 
mately per cent, of the«meta xylene ; this may be 
measured, or separated, distilled and weighed ; of the 
xylene sulphonic aoids formed duyng the heating with 
sulphuric acid, only that derived from the meta xylene 
is decomposed by heating with hydrochloric acid under 
the conditions of the experiment.f • 

, Spielmann and Jones (footnote i, p. determine 
paraffins in xylene as* follows: — lo to 20 c.c. of the 
sample which has been distilled from 138° to 143® are 
shalcen vigorously for forty minutes with two and a 
*half times their volume of diluted fuming Sulphuric 
acid, one volume of acid containing 22 per cent, of SOs 
•to two volumes* of 95 per ^eift. sulphuric acid. The 
absorption of*the aromatic hyffi-ocarbons is carried out 
in a 100 c.c. flask with a graduated neck,; after shaking, 
the liquid is driven up into the neck by adding 95 per 
cent, sulphuric acid ; the mixture is allowed* to stand 
overnight, apid the volume of the paraffins read off. 

ftoTOR Benzol. 

The National Benzole Association has recently issued* 
the following specification for benzole for tise motor 
spirit : — Specific gravity : 0-870*10 o*885. Distillation 
test by flask (see pp. 51-53) : not less than 75 to 80 per 
cent, at 100®, 90 per cent, git 125®. Sulphurises p, 215) : 

^ For the estimation of ortho and para ^yletfts and ethyl 
benzene by a continuation of this process, se# Crafts, Comptes 
Rendus, 114, p. 11 10., 
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total »ot *ovtr 0-40 per cent. Water: liil. Colour: 
w&t^r white. Rectification test (cf. p. 69]^ : 90 c.c. shaken 
wit]f K) c.c. gf 90 per ceyt.^ sulphuric acid for five minutes 
to impact not more* tljan a light brown* colour to the 
acid. A cids, alkalies and sulphuretted hydrh^en : nil. 
Freezing point : shall not freeze at 25° F. below the 
freezing point of water. ^ 

The necessary tes\s are described elsewhere. The 
detection of water, acids, etc., calls for no special de- 
scription. The analysis of motor spirits containing 
benzol and, paraffin is described in Chapter V. 

ft 

The Examination of Middle or Carbolic Oil and 
’ ITS Products. 

The principal constituents of this fraction are phenols* 
and naphthalene, of which phenol itself, i.e., mono- 
hydroxy bonzene, isthe;nost valuable. , Coal tar phenols, 
arc often spoken of as tdr acids," commercial cresols 
as " crcsylic acid " and phenol, cither pure or crude, as 
" carbolic acid.*' At the ordinary temperature a large 
portion c^f the naplithalene crystallises out from the oil ; 
at 40°, middle oil is a brownish yellow liquid, smelling 
of carbolic acid and naphthalene. Its specific ^avity 
at 15-5°, which may be dctefmii?ed as described for 
crude coal tar, generally lies between 100 and 1*03 ; 

, if under the lower limit an unduly large amount of light 
oils may be- present. The crude naphthalene present 
amounfe to 30 per cent f or more,*' In practice the greater 
part of the naphthalene is separated by filtration. The 
remaining carbolic oil, which contains phenol, cresols, 
xylenols anc^ other higher phenols, neutral ter oils, water, 
naphthalene, pyridine bases, etc., is either sold as such 
for disinfecting purposes or varnish making, or it is 

ft • 
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treated with tiajgtic alkali solution in order tft separate 
the phenols from the neutral and basic constitueftts. 
The phenols are recovered fron» tiie^kaline •Solution 1 )y 
precipitation A^th mineral acid ,• and worked up for 
carbolic of*cresylic acids of •varying degrees of purity, 
by fractional distillation and other processes ; the por- 
tion insoluble in alk^i is worked for heavy solvAit 
naphtha, pyridine bases and naphthalene. 

Specific Gravity . — The specific gravity of middle oil 
and crude carbolic acid may be determined*as described 
for tar, or by a hydrometer or Westphal balaiTce ; if by 
either of the two last mentioned methods, it is usually 
determined at 38° ; should it be necessary to work at 
a higher temperature, a correction of 0-00075 per degree 
is made. • 

Free Carlow.— This may be determined in middle oD 
o» crude carbolic dbid as desc^b^fi for tar (p. 43). 

Distillation T^st . — This may be carried out as de- 
scribed under creosote oil (p. 94). Wator, if present, 
may be estimated in the course of thi? test. 

Tar Bases may be determined as described on p. 96 
for creosote. • 

Crude Naphthalene. — 500^ grams of the middle oil are 
cooled and the naphth^dene is separated by filtration, 
pressed between filter paper until no longer oily, and 
weighed. It should distil mainly between 210® and 220°. 

Crude Carbolic Acid 

This includes the portion of the middle oil which is 
liquid at the oi^nary or lower temperature?,# having 
been separated from the solid crude naphihalene by 
filtration. According , to^ Lunge, ‘it *shoul 3 have an 
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average btiiling point of 250®, a specific^ gravity between 
0*51^ and I 01, and contain from 25 to 35 per cent, of 
phfenolaanQ about* 5 •per cent, of pyridine bases. It 
may be examined toi* (a) total phenols h,nd water, and 
{b) phenol, i.e., the monohydroxy benzene. * 

Total Phenols and Water . — The following approximate 
mfethod is due to JBach ; advantage is taken of the 
insolubility of the phenols in brine, and their solubility 
in sodium hydroxicte^solution. 

Fifty c.c.^bf the sample ere distilled from a retort until 
solid mafter begins to come over^ fl^ distillate beipg 
caught in a clean wide 100 c!c. burette, graduated in 
fifths of a c.c. and furnished with a glass tap. Before 
the distillation 25 c.c. of a saturated solution of common 
silt are introduced into the burette, and the level of the 
liquid is noted. If the carbolic acid contains no water, 
the oil separates cle^^ly from the brine, while if the 
contrary is t|je case, an emulsion is fonned wliich may, 
however, be broken down by gently agitating the liquid 
and allowing tc^ stand. When the layers have become 
distinct, the level of the brine is read off ; its increase 
in volume is a measure of the water in Hk saiqple. The 
brine is then drawn olf, the. level of the oil noted and 
the burette filled to the zero marft with sodium hydroxide 
solution of specific gravity 126; after closing with a 
cork the jontents are mixed by shaking vigorously and 
theif allowed to settle. If the burette was originally 
dean and free from grease the oil will have separated 
after half an hour, when its level may be observed. The 
difference between this and the previously observed 
volume^ of the oil gives tfie amount of phenols in the 
sample. , 

The percentage 0/ phenols crude carbolic add is 
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very variable, especially as^the inferior qu^ties are 
often adulterated* with neutral tar oils. ^ The perceptlge 
of phenols is usually stated in flaJhing the product, e*g., 
“carbolic a^d, 25 per cent.," “carlJblic acid, 50 per cent,” 

There Js no satisfactory itlcthod of determining the 
naplithalene or the relative proportions of phenol, cresols 
and higher phenols In crude carbolic acid, though llie 
following process, due to Chas. Lowe, will furnish results 
which will give a rough idea of the.proportion of phenol 
present in a samnle which has*not been adulterated with 
^leutral oils. 

Phenol, Water and Li^t Oils . — ^Tliis method combines 
separation by distillation with the ‘determination of 
solidifying point of the distillate. 

100 c.c. of the sample are distilled from a retort, ahd 
the distillate is collected in graduated tubes. At first 
water distils an^ tten an oily fiuiJ ; when 10 c.c. of the 
latter have been collected, the receiver is rjianged. The 
volume of the water is read off ; if the oily liquid floats 
on the water, it is light oil of tar ; if if sinks it pay be 
regarded as hydrated, phenol, containing about 50 per 
cent, of phenol. The next portion w'hich distils consists 
of anhydrous phenols ; when it measures 62 5 per cent., 
the receiver is again changed. The residue is wholly 
cresols and higher phenols. The fraction consisting of 
62*5 per cent, is cooled and its solidifying ppint deter- 
mined ; this should lie l;)etween ^5 *5®^ and 24®.* The 
proportion of phenol to cresols in the fraction may then 
be estimated by determining the solidifying, points of 
synthetic mixtures of pure^ phenol and coal-tar cresol. 
(See below, p, 84.) The soHdifying point Hiay 1 )e deter- 
mined as de^ribed under “ Crystallij^ Carbolic Add.” 
(See p. 84.) 
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• The proportion of light ^oils in crudfit carbolic acid is 
usuajly small, the most 5 to 6 p(^ cent., hence an 
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appreciable quantity of plienol may be lost in the first 
10 per cent, of oily matter distilled. In sopie cases, 
therefore, it may be best to tjike the solidifying point of 
the distillate coming over between 185 and 195®. When 
dealing with better qualities, i.e., those containing more 
phenol, it is recommended to take the solidifying point 
of thi distillate coning over , between 180 and 190®, as 
in such cases the whole of the phenol will naturally , 
come over at lower temperatures. The temperatures 
referred to are indicated by a thermometer, the bulb of 
which is«p^a(^d in the vapour of the boiling liquid. 

The abov^ table ^contains results obtained by Watson 
Smith by the method just described. 
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The neutraf qjjs may amount to as mu^ Ss 10 per 
cent., and the water may lie between lo and 17 per cetit. 
If an excess of cresylic acid is preheat, crystallisation* is 
prevented in the determination of^he solidifying point ; 
in this cjie, a second fractional distillation should be 
mada, this time stopping when the thermometer, placed 
in the vapour, indicates 190°. « • 

The melting and boiUng points of phenol and the 
three cresols are as follows : — 


Phflpol. 


Melting points “ C. - 1 42-5 — 43 
HoiUng points ° C. - ; 182 


Orlho 

ficsul. 

Mel.i Cresol. 

Para 

Cresol 

30—31 

190*5 

• 

4 

200 — 201 

3(>-5 

20 I >8 


Jhc relative proportions of the* three cresols in coal 
tar are about 35ppcr cent, ortho, ^jo per cent, meta and 
25 per cent. para. The mixture of cresols from coal tar 
boils from 198° to 203®. ^ 

As already mentioned, the above process is only a 
rough one ; th^ estimation of phenol in the presence of 
the three ‘cresols is in reality a difficult and complex 
problem which has recently received the attention of 
several investigators.* The methods are based* on 
specific gravity and solidifying point determinations, the 
material being distilled through special still heads. They 
are generally very elaborate. Fox and Barker lay stress 
*on the proper drying and purification of the phenol and 

*Fox and Barker, 1917. p. 842, 1918, 2I65 T. and 

268 T. ; G. H. Shjaples, ibid., igtS, p. 109 T. ; Knigkt. Lincoln, 
Formanck and FoUet, 1918. p. 9 : Wei» ana Downs, 

^bid., 1917, 9, g. 569; Dawson and -Mouptford. J.C.S., 1918, 
P- 935 - 
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cresof mfxtures before distillation ajvd examination, 
pofhting out that lack of attention tor these points has 
probably cduscd th/i discrepancies among the results of 
previous investigators'^. (See p. 8i.) 

Pure Carbolic Acid and its Preparations/ 

f 

The crystallised pure carbolic acids of commerce con- 
sist of more or less pure phenol ; they may contain 
sniall quantities of crcsols and higher boiling compounds 
which produce a red or yellow colquf, water and traces 
of metallic compounds. 

Liquefied pure carbolic acid usually consists of about 
90 parts of pure phenol and 10 parts of water or alcohol. 
It' may be distinguished from “ liquid carbolic acid," 
whicli usually consists of cresols and higher homologues 
by the two following tc,st: (a) and 

(a) Boi lin^, point. —LiquQhed pure carbolic acid begins 
to boil below or near 100®, after which the boiling point 
quickly rises to 185® to 190®, while the product containing 
cresols will boil at 185® to 209®. 

(b) Solubility in water.— The liquefied product requires 
at most 18 parts of water to give a clear solution, while 
cresylic acid is not completely dissolved by even 50 parts 
of water. 

Estimation of Phenol . — ^The method to be described is 
Koppeschaar’s niodi^cation o^ Landolt's process, based 
on the formation of the insoluble tribromophenol by the 
interaction of phenol and bromine in aqueous solution. 
A known amount of bromine having been added to the 
phenol JJolutjon, potassium* iodide solution is added, 
whereupon amount of iodine corresponding to the 
excess of free bromine present is liberated; this is 
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estimated by'tife*ation with^ standard sodium thiosulr 
phate solution, using starch as indicattjr. The an\punt 
of bromine used up in the forntafion of tribfomophehol 
may then Ije calculated. It shoifld be noted that this 
method js*only applicable tft the products dealt with 
under the present heading, i,e., pure or nearly pure 
phenol, or solutions 8f the latter which do not contain 
cresols or other substances which also react with bromine 
water. The following solutions will required : — 

A solution of sodium thiofulphate, corresponding to 
^^rams of iodine pqj- litre. (5 grains I = 9-764 grams 
NagSgOj 5 HjO.) This ^solution may be standardised 
according to Volhardt’s method, as described on p. 128. 

Potassium iodide solution. — A 10 per cent, solution of 
the pure salt in water. 

Starch solution. — Freshly prepared by heating half 
a*gram of powdered starch witji 50 c.c. of water in 
boiling water. 

Bromine solution. — A solution containing five molecular 
proportions of potassium bromide to dhe of potassium 
bromate, of such a strength th^t 50 c.c. mixed with 5 c.c. 
of strong bydrc^hloric acid and 100 c.c. of water ^ requires 
for complete decolorisatiop 86 to 95 c.c. of the thio- 
sulphate solution descr?bed above. It may be prejjared 
either by dissolving the pure salts in water, in the 
requisite proportions, or by adding to a solutipn of pure 
sodium hydroxide an excels of broiyine mid evapor&ting 
,to dryness ; 9 grams of the powdered residue are dis- 
solved in 100 c.c. of water and diluted to the, requisite 
strength after a jireliminary titration. 

The actual determination of phenol is camdl out as 

‘ See footnot<i| p. 68. 2 KI + Br, = .2 KBr + If. 

Xa,S|0| + I, + 2 Nal. 
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fgHows : ^ grams of the sample, or mope if the amount 
of ]j5henol present is small, arc dissolve(>in or mixed with 
water, and bade up tS ? litre. 25 c.c. of this solution, 
filtered if necessary, arft placed in a bottle proyided with a 
well fitting stopper, of abotrt 400 c.c. capacity. , 100 c.c. 
of the bromide and bromate solution arc added, and then 
5 C.c. of conccntrat<id hydroclilori(f acid, in order to set 
free the bromine. The bottle is immediately closed, 
shaken and allowed \o stand tor fifteen minutes. 10 c.c. 
of the potassium iodide •solution are added and the 
whole is well mixed again. The free* iodine liberated 
by the excess of bromine is*estimated by titration 
with the thiosulphate solution, adding a few c.c. of 
the starch solution as indicator towards the end of the 
pibcess. 

If the standard solutions used are of the strength 
prescribed above, an^ ti\e operations ^ carried out as 
described, thqi the percentage of phenol in the sample 
is given by the formula 

• (2 a—b) X o-6i8, 

where a * the number of cubic centimetres of thio- 
sulphate solution required by 50 c.c. of the* bromide 
and bromate solution used, a^id 6 the number of cubic 
centimetres required by the iocfine equivalent to the 
final excess of bromine. 

Care should be taken that the 25 c.c. of solution used 
for tkration do not^ contain, more than o*i gram of 
phenol. 

Lloyd \ has criticised the above method and pro- 
posed an alternative one. .Olivier * maintains that this 

0 * 

^ J.Amer.C.if., 1905. 27, p. 16. 

Trav?t Chim.iPhys. Pays Bus, 1909, 28, p. 354. abs. 
Analyst, 1910, 134. • 
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criticism is ufifgynded, and further states that the time 

allowed for the reaction between the phenol and ^he 
bromine may safely be reduced i% iive minutes pro- 
vided that^the*amount of phenol* does not exceed 0-09 
gram, and that the strength of the bromide and 
bromate solution is approximately o-8 tenth normal. 
The addition of 10 oc. of chloroforrn as recommended 
by Lloyd, enables the end point to be determined with 
greater accuracy. 

The following directions are^given by Fox .and Barker 
(Igc. cit.) for the.^timation of phenol in cresylic acid, 
*the object being to ascertain whether any appreciable 
amount of phenol, say more than 5 per cent., has been 
left ih the cresylic acid. The directions for determina- 
tion of solidifying points may be applied to the testing 
of the purer phenol products (see p. 78), or to the dis- 
tillates obtained bf the preceding;*proccss (p. 76). 

Determination of Phenol in Cresylic Agid . — If more 
than traces of neutral oils, naphthalene and bases are 
present, these must first be removed ;• 100 c.c. of the 
sample are shaken with 200 c.c. of caustic soda solution 
in a separating funnel, and extracted with three succes- 
sive quantities of 20 to 39 c.c. of ether, 

(The neutral oils, etc* may be estimated, if desired, by 
diying the ether solution with calcium chloride, the latter 
being washed with dry ether after removaj and the 
washings added to the main portioi^ evaporating off the 
^ether in a tared flask on the water bath and weighing 
after heating in the steam oven till all traces, of ether 
have evaporated.) 

The caustic Elution in the funnel is acieSfifed with 
sulphuric acid, and the aqueous portion r^ off from 
the tar acids during cepling ; the aqueous portion is 

A.I.A. 6 
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extradted^wUh ether to remove dissolved tar acids, and 
thb ether extract mixed with the main^Sulk of tar acids. 
The ^ther solution of ^ar acids is washed with a nearly 
saturated solution of sodium sulphate ‘to remove sul- 
phuric acid, and dried with, fused calcium chl&ride which 
has been recently ignited and cooled in an atihosphere 
of carbon dioxide. ^(This precaution is taken as heated 
calcium chloride may contain a little lime which would 
combine with the tar acids.) During the following opera- 
tions, precautions should^ be taken to prevent the tar 
acids absorbing moisture. The caicmm chloride is 
washed with dry ether after removal, and the washings 
arc added to th^ main ether solution. The ether is 
evaporated off, and the tar acids are distilled from a 
round flask through a column (Fig. 7 or 8), the con- 
denser being an adapter the small diameter limb of 
which is a tube 15 in^jhes long, placed vertically. The 
flask, the globular portion of which is 3 inches liigh and 
the neck preterably 4 inches long, is enclosed by an 
asbestos or tin shield having a slot to admit the support- 
ing clatnp, and is heated by a naked flame. Connections 
are made with new corki as rubber wUl be dissolved. 
The thermometer should be accurately calibrated and 
indicate from 90® to 250'' in half degrees ; the correction 
for Emergent stem is calculated from the formula 
0*000143 (T-i) N where T « observed boiling point, 

/ » t^^mpelrature of middle point of portion of stem 
outside vapourj N - number ‘of degrees of stem outside 
vapour. The position of the thermometer bulb is as in' 
Fig, 15. ‘ The first distillation is carried up to 210® at 
the rate^of 7 c.c. per minute. This fraction is redistilled 
at the same' rate up to 202®, and if this fraction does 
not amount' to mdre than 5 per ^ent. (C&se i), it may 
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be Soncluded that the sample does notvco^tais Inore 
than 5 per ceiff. of phenol, .and no further test nee^e 
applied. If the last distillate, amouats tg more than 
5 per cent. (C^se 2), it is redistiHecJ up to and Including 
195°, and •the resulting distillate is tested for phenol by 
determination of its specific gravity and the bromine 
wrfter test. ^ , 

The specific gravity is taken in a* pyknometer or by a 
Westphal balance, if sufficient material is available, at 
any convenient temperature. The result is corrected 
to 15 ' 5 ® by the fgrmula t - 15 5 X 0 0005? , 

• • The Bromine *lVcder 'iest is carried out by placing o-i 
to 0-2 c.c. of tar acid distillate in a glass cylinder of 
about 100 c.c. capacity, and adding 10 c.c. of water, 
two or three drops of concentrated hydrochloric apid, 
shaking, and then adding sufficient of a freshly prepared 
saturated solutipii of bromine in water to make the 
volume up to«about 100 c.c*. ‘After shaking well the 
precipitate is allowed to settle ; if the saThple contained 
5 per cent, or more of phenol, a voliiminous light pre- 
cipitate is formed, the cresols by themselves producing 
a dark oil or heavy granulcfr precipitate which settles 
quickly.* The two types of precipitate are also readily 
distinguished by micrgsccfpic examination. 

If the specific gravity at 15 -5® is over i 048, and phenol 
is indicated by the bromine water test, the following 
alternative process must be adopted : If the distillate 
up to 195® amounts to about 50 per cent, by volume of 
the total (Case 3), it is weighed, dried with calcium 
chloride as described above, and mixed with sufficient 
pure phenol to*give a mixture containing at k^t 80 per 
cent, of phenol, which mixture is used fjr the deter- 
mination of ‘the freezing point as described below. If 
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the istillzite top to 195° is much less than *50 per cent. 
(C^ 4), sufficient pure ortho cresol is added to the 
total material di^illed to 210° to bring the volume 
of the fraction distilled up to 195° to 50 per cent. ; the 
object of this addition is to pause all the phenbi to come 
over in this hrst fraction, which is further treatfed as in 
Ca^ 3 to get material suitable for ^he solidifying point 
determination. 

Both in Case 3 and. Case 4 a second fraction is collected 
from 195® to 196*5° ; this inaction should show negative 
results in tkc*two tests for phenol described under Case 3. 

Solidifying point --The reason fof adding phenol in 
Cases 3 and 4 is that mixtures rich in phenol are best 
suited for solidifying point determinations. About 15 
grams of the distilled, weighed and dried tar acids are 
melted and placed in a 6 by | inch test tube, and this 
is surrounded by a 6 <l>y i J inch tube and placed in 
water at 20°. The liqifid is stirred reguiarly, once per 
second, with a stout copper wire ; at the solidifying 
point the thcrmoipetcr rises to a maximum and remains 
stationary for some time. The percentage of phenol is 
found by reference to thf following dai^, which are 
average results obtained with mixtures of kno^ com- 
position containing pure phenol a»d commercial cresylic 
acid free from phenol: 100 per cent, phenol, 40*1°; 
95 per cent., 37*4° ; 90 per cent., 34*5° ; 85 per cent., 
31 '7°; 80 ^er cent., 28*9°. The percentage of phenol 
in the original Aunplfe is readily found by allowing for 
the added phenol. 

Crystalused Carbolic Acid. Tests«.for Purity. 

Under thi^* heading are described the determination 
of (a) the solfdifying point, and (6) water. • 
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{a) Solidifyi^ Point . — ^Tiiis is the most impoi;^t 
test for the punty of crystallisjd phtnol. , The purest 
phenol solidifi^ at 40-9°, while fjr*pure phenof of com- 
merce, it .is usual to demand a solidifying point of 39° 
to 41°. • The solidifying point may be determined as 
described on p. 84. The presence of water or cre^ols 
will lower the solidifying point, and if any cresols which 
may be present are to be determiijed by this method, 
the sample should be dried if necessary, .as described 
■ on p. 82. , 

• • (h) Water . — This "conitituent may be determined in 
crystallised carbolic acid by mixing it with five times 
its weight of dry levigated lead oxide and drying at 70® 
to 80® until constant in weight. The function of the 
lead oxide is a mechanical one, the object of the admix- 
ture being to facilitate the evapi^ration of the water. 

As little as » per cent, of watfer may be detected by 
the milkiness produced when the phenol fe shaken with 
an equal volume of chloroform. 

Crude carbolic acid, consisting either entirely of 
cresylic acid, i.e., cresols, or ^f a mixture of the latter 
with phftiol, is largely used for disinfecting purposes. 
Very often, cresylic a^d*is mixed with soft soap and 
water to form an emulsion, owing to its sparing»solu- 
bility in water. The analysis of such preparations will 
be described in the chapter on soap? Pure? phenol is 
used in medicine, and in*the mamifacture of dyes and 

• picric acid. 

The ExamTnation of Creosote Oil/i?i>its 
Products. 

This portion of the toal tar distjllate is a viscous. 
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gr^ish-yellow fluorescent liquid which* partially solidi- 
fies oA cooling, o^n^ Ip the separation of naphthalene. 
The solid matter amounts to some 20 per oent. Creosote 
oil has an average specific gj^avity of i 04. Its principal 
constituents are naphthalene, which usually am6unts to 
20^0 30 per cent, or more, and higl^r phenols, including 
cresols, xylenols, nap^ithols, etc., which amount to 10 to 
20 per cent. In addition to these may be mentioned 
aniline, and *other basic ^.ompounds such as acridine, 
cryptidinci, *and quinoline, and hyduDcarbons such as 
methyl naphthalene, diphenyl, awthrAcene, acenaphthend, • 
hydroiiaphthalenes, etc. 

On redistillation, a little light oil and carbolic acid are 
separated, and the two main fractions obtained, i.e., first 
and second naphthalene oils, are allowed to cool, and 
the naphthalene crystallising out is removed by filtratiop 
and further purified. The mother liquom contain vary- 
ing proportions of naphthalene and other hydrocarbons, 
about 10 to 30 py cent, of phenols and smaller amounts 
of basit substances. The liquors obtained from the 
more volatile first naphthalene oil are used as disin- 
fectants, sometimes by themselves, sometime in the 
form of emulsions with soft loap> or mixed with lime, 
kieselguhr, borax, or other solid material. They may 
also be redistilled to yield a product containing about 
50 pey cenf. of phenols which is mixed with zinc chloride 
solution to foriA an Emulsion for pickling timber. The 
mother liquors wliich form the second naphthalene oil ' 
are also Idrgely used for preserving timber, i,e,, harbour 
piers, ray way sleepers, paving blocks, ett. 

The preparations containing soap, such as creoline 
and lysol, arb treated of in the chapter on Soap. Under 
the next heading the analysis of phenolic disinfecting 
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powders, crebs«4ing liquors and the testing ol" naph^- 
lene for purity ate described. 

The Ej^AirfiNATiON of Phenolic Powders for 
, ’Neutral Tar Oils and Phenols. 

Bifferent methods^ must be employed, (i.) for prepara- 
tions made from powders which do* not combine chemi- * 
cally with the phenols, such as borax or kieselguhr, and 
(ii.) for those made from lime ok other h^^ses forming 
salts with the ph^jnols. As is well known,* tjie phenols 
« are neutralised Uy the qjddes or hydroxides of the alkali 
metals or metals of the alkaline earths, but not by 
alkaline carbonates, borates, etc. 

(i.) Preparations containing non-basic Powders. — ^This, 
as well as the following method for powders with basic 
constituents, is ta^en from Allen Commercial Organic 
Analysis " (revised edition). * • 

50 grams of the powder are placed iA a thimble of 
filter paper and extracted with ether in* a Soxhlet ex- 
traction apparatus. The author would, however, re- 
commend the extraction apparatus designed by Bolton 
and Revis ^ for all work of this kind. It is more efficient 
than the Soxhlet typ§, and more readily procurable at 
the present time. Fig. lo shows the general arrange- 
ment ; the lower part of the inner or extraction tube, of . 
which there should be three sizes to select from, is lightly 
packed with cotton-woohwhich has prejdously bein ex- 
tracted with ether, and a disc of filter paper is placed on 
top of the wool ; the material is placed on the«paper. A 
fluted filter paper is placed in the neck o{ the outer 
tube so as to catch the liquid dripping from *the inner 
' " Fatty Poods.'* Another simple type described by 
Griffiths Jones, Analystl 1919. 45> 
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Fig. 9. — Soxhlet Extractors. 
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tube. The qu2«|tity of solvent used shoull not he 

sufficient to M the inner tute. The ether in the fl^k 

» • • 

is boiled as rapidly as is consistenf wkh 
efficient condensation ; electric heUting 
is to be preferred. Bolton aid^Revis 
recotfnmend immersing the flask to the 
shoulder in a water 'bath in which a 
16 c.p. electric lamp is partially sub- 
merged. Carbon filament lamps aire 
the best for this purpose, givisig more 
heat than metal filaQient ones. With . 

the Soxhlet apparatus ft is usual to M 

allow four hours for extraction in mosfr 
cases, but with the extractor described 
here the process is considerably shorter, 
partly owing to the fact that the 
material is heated* by the vapopr of 
the solvent passing upwards between 
the two tubes. 

The ethereal solution which contains • 
the phenol is shaken with 20jc.c. of a 
20 per c^nt. solution of sodium hy- 
droxide. (The amount of, soda solu- 
tion may be varied according to 
the amount of phenols supposed to 
be present, using i c.c. for each i pj^, j©. 
per cent.) The ethereal^ solutioi^ is Bolton and R%via' 
gSeparated off, and the alkaline solution Extractor, 
shaken out with two successive portions qf ether, 
in order to extract the whole of the neutral tar oils. The 
united ether solutions are th*en shaken out with^ small 
quantity of dilute sodium hydroxide sqlutioi\*in order to 
remove any traces of -phenols which may remain with 
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t^ije neutral oils, evaporated in a tared ficsk on the water 
and wcigli^d, afjer drying at C. for one hour. 



Fig. II. — Electric Heater. 


The uivted alkaline solutions are boiled down in a 
Bask to abou( lo jc.c. in volume,^ transferred to a 
graduated cylinder or burette, and acidihed with dilute* 
sulphurio acid containing one part of the concentrated 
acid to tfiree parts of water. When, the mixture is 

‘ Phenols b&ng steam volatile and having only weakly acidic 
properties, may be lost owing to the hydrolysis of their salts 
nnless an excess of caustic soda is pfeeent (mass action). 
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quite cold the ^^ume of the, separated phenols is re^ 
off, the weight being estimated on the assumption .that 
I c.c. weighs i^p5o grams. If *the jlresence of fetty or 
resin acids,#s suspected, the contents of the burette are 
transferred to a flask ^ind submitted to steam distilla- 
tion*; the phenols will pass over the distillate, while 
the acids will remain in the flask. The latter may te 
characterised by their solubility in^ sodium carbonate 
solution. . ^ 

(ii.) Preparation^ coniaininglSasic Powdersp-^-^o grams 
of the alkaline poVder a^ mixed in a mortar with 5 c.c. 
of water, after which strong sulphuric acid is added, 
drop, by drop, at intervals and mixed well into the 
powder or paste by means of a pestle ; the addition of 
the acid should extend over several hours, in order to 
avoid a sensible ijse in temperature ; it is continued 
until the wliole mass is distincfly*acid. If the resulting 
product is a paste, it is mixed with sufi^ient sand to 
bring it into a granular form ; it is then ebrtracted with 
ether in the Soxhlet apparatus, and th*e extract is sub- 
mitted to the same treatment as described above for 
non-alkaKne powders. 

According to Allen, Q)od powders should contain from 
12 to 18 per cent, of phenols. It is doubtful whether 
powders containing lime are as efficient for disinfecting 
purposes as those in which the phenols are present in 
the free state. 

The Testing of Creosoting Liquoij. 

Most of the cieosote oil distilled is used for |)reserving 
timber which is to be used for railway sleepers, telegraph 
poles, harbour piers, paving blocks, ek. The basic con- 
stituents of the oil are believed to b^ of as much value 
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ai^the phenols as antisept/cs, and, miieover, they are 
said ,to form re^in-iil;^ combinations Svith the phenols 
and unsaturated hj drocarbons, which §11 up the pores 
ot the wood and protect it from destruction^ by micro- 
organisms. Extensive adulteration with lignite, shale 
and rosin oils, which contain no bases, is therefore 
objectionable. The naphthalene and other neutral con- 
stituents are also believed to be beneficial, for, being 
introduced into the >yood in a liquid state at about 50®, 
they solichfy in the pores hnd form a protective covering 
throughout. The amount of pitchy matter should not, 
be high, otherwise the creosote will not penetrate well 
into the wood, aifd the pitch should be soft. , 

The .following results of bacteriological tests with 
organisms which grow on moist wood, by Weiss,^ are 
of interest : — Neutral ^oils of creosote, especially those 
boiling from 235° to -^o®, are strong ajitiseptics, those 
of higher boiiing point being much weaker, those ot 
lower boiling point being slightly weaker. The coal'tar 
bases gnd acids *of high boiling point are strong anti- 
septics, the strength of the acids inci easing with the 
boiling point. The solid hydrocarbons, naphthalene and 
anthracene have low antiseptic v|lue, and paraffins have 
none, at all. The addition of filtered tar does not 
materially reduce the antiseptic value. Coal tar creosote 
is a much better preservative than producer gas tar 
distillates or petroleum residufs. 

These observations are in accord with Sage's state- ^ 
ments • that creosote should be “the product of de- 
structive distillation of bituminous coa^ and free from 
admixtAe of*other oils ” ; and that the germicidal value 
of London ireosot^ is about twice that of crystallised 

‘/.S.C.J., 1911, 30„p. 1348. *J.S*.C.L, 19U. 30, p. 588. 
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carbolic acid*wljen tested against BadUh typhosus. 
Again, the Americfin Committee on Wood Preservative^ 
laid down that creosote should, ctfn^st "of aH distillate 
oils coming ove^ between 200° and 300® from tars con- 
sisting principally of substan<;es of the aromatic series, 
and containing well-defined amounts of phenoloids. 

In testing creosoting liquor it is often necessary to 
adhere to a method described in a contract in which 
are stated the conditions which the article must fulfil. 
With such a complex mixture's cfeosoting* liquor, the 
analytical results ^»ften vary considerably with slight 
\?ariations in the metliod ^f analysis, and must therefore 
be judged with due regard to the process by which they 
have been obtained. 

Specific Gravity . — If taken at 15-5°, this may be 'deter- 
mined as described for tar (p. 42). Sage (loc. cit) 
reoommends weighing 100 c.c.,at»6o° and comparing 
the weight with the same volume of water at this tem- 
perature, or using the Westphal balance witfi the sample 
at 60®. Sometimes the detennination is made at 38®. 
but some creosotes may not be entirely liquid af this 
temperature. . 

Forrest ^ gives the specific gravities for various creo- 
sotes as ranging from to 116 at 15®, and the specific 
gravities of other materials for wood paving blocks ftom 
I *10 to 1*17 at 38°. Alleman* recommends that the 
specific gravity should be i io. 

Fluidity . — Sage recomm&ds keeping fhe sample at 
40® and noting whether it is fluid at this temperature. 
Another portion is kept at 15® for six hours, stirring and 
adding a crystal df naphthalene occasionally ^ tllie4results 

‘/.S.C./., 1^14, 33, 832. 3j, p. 193. 

• Abs., J.S.C.L, 191403* P- ®3a- 
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are returned as fluid, quite solid or some salts (i.e,, 
ft&phthalene, etc.) deposited. ** 

In ^aew. of ^ 4 ■hat said regarding naphthalene in 
the introductory reiyarks to this section, it seems the 
creosote might well be required at least td conform to 
the requirement in Tide’s time-honoured specification 
that it should be completely liqv^id at 38°, no deposit 
taking place until it is cooled to 35°. In a test of this 
sort the condition'i.for crystallisation should be promoted 
as recomm(Midod by*Sagq. 

Free GaHon . — This may be. detenmined as described 
under tar (p. 43). The best •credfeotes contain no free 
carbon. Sage recommends that the percentage should 
be not over 0 25 per cent. Any notable amount would 
indicate adulteration with crude tar, and would very 
probably interfere with the penetrating properties of 
the creosote. » ♦ 

Distillation Test {ihxcluding EsiimaHon of Water ). — 
Sage distils 300 c.c. of tlic sample from a hard glass 
retort, measuri^ig 8 oz. up to the bend, and covered in 
with •asbestos or a cut out tin can. The thermometer 
is placed with the bulb Ih the liquid, nqt less than half 
an inch from the bottom of the retort. ^ The* distillates 
are collected in separate measui«ing cylinders (see p. 52) 
as fijllows : — up to 210®, 210° to 235°, 235® to 270® and 
270® to 315®. 

TJie water, if any, coming over with the first portions 
may be measm ed ; ‘if necessity, solvent naphtha may be 
added in order to get a clear separation. If more than 
I per cent, of water is present, the sample should first 
be disWKid to remove water, and any oil distilled at 

* Some wdrkers do not agree Avith this position of the bulb, 
and prefer to have *t in the vapour. ^ 
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the same time separated and returned tcf tile dry oil 
in the retort. 

After measuring at 6o®, all tli| fjacfions-up^to'3i5® 
may be combined for the determii^tion of the tar acids. 
The pitchy "residue is weighed and its consistency noted 
(see introductory remarks to this section). 

Alleman, reporting on the “ Qualities and Charac- 
teristics of Creosote in Well-Preserved Timbers," * states 
that such creosotes yielded on an average 32*9 per cent, 
of distillate below 270° and^)6*8*per cent, of oils of 
higher boiling point. He states that the defects of most 
\nodern creosotes arc a deficiency of basic oils of high 
boiling point (see p. 92) and the substitution for them 
of tas* or other viscous substances. (See under Free 
Carbon. A large pitch residue would also indicate adul- 
teration with tar.) Tar has a low penetrating power. 
Further, the creoiote should ^contain nothing boiling 
below 210°, and material for ge'neral purposes should 
yield not more than 50 per cent, below 315®, while 
material for wood paving blocks should 5deld not more 
than 35 per cent, below this temperature. • 

Tar Acids (H/it:«o/s).- -These' are estimated in the com- 
bined fractions boiling up to 315®, shaking out with 
three successive portiorte 0/ 20 c.c. of 15 per cent, caustic 
soda solution, acidifying the alkaline extracts with dilute 
sulphuric acid (i to 3) in a measuring cylinder, and 
measuring the liberated phenols at 60®. The qil is 
shaken with the soda solution in a* flask* heated on the 
water bath, after which the mixture is transferred to a 
separating funnel. Care should be taken to remove as 
much as possible of the oily matter by meafnf> of the 
separating funnel, after which the alkaline f^iuid should 
Abs. 1914, 33. p! 832. 
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be boiled* vigorously (see footnote, p. jp)* to expel the 
t^es of non-phenolic oil \^hich it may retain. 

Fon-e^t (footn?)te,2.V* 93) lo^nd from nil to 13-6 per 
cent, of tar acids in# various material^ for^ wood pre- 
serving. Good creosote should contain ^t leaft^t eight or 
nine per cent, of these constituents. (See introductory 
remarks to this section.) » 

Estimation of the Basic Constituents . — ^The following 
method is due to Sadtler : 100 c.c. of the creosote oil 
arc distilled ‘from a retort to the point of coking,^ and 
the distillate is agitated with two Successive portions^ 
of 20 c.c. of dilute sulphuric Scid (i to 3). The acid 
solution which contains the bases in the form of sul- 
phates is separated off and rendered alkaline the 
addition of sodium hydroxide solution. The bases are 
liberated, partly in the form of an oily layer, and partly 
in aqueous solution. *1 h^ oily layer ii separated off, and 
the alkaline liquid is ‘distilled nearly to dryness. The 
distillate is mixed with the oily extract and the whole 
is acidified with., hydrochloric acid, and evaporated to 
dryness on the water bath. The residue, which consists 
of the hydrochlorides of flie tar bases, i& dissolved in a 
small quantity of water, and^ solid sodium hydroxide is 
dissolved in the liquid till a saturated solution is obtained. 
The bases may then be separated, weighed, and, if desired, 
further examined by' conversion into platini-chlorides. 
They may, however, be more conveniently estimated by 
the following Nitration process,* which was originally 
devised for the estimation of tar bases in sheep dips. 

(See Chapter IV.) 

•> « * 

* SageT^oc. cii.) estimates the bases in the distillate up to 315*. 

■ Bureau Anim^il Industry. Bulletin 107,, U.S. Dept, of 
Agriculture. . • 
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The acid sftluJjon of the bases is filterecfif necessaiy, 
made up to 300#c.c. with vfater, and divided into two 
equal portions in two similar i:ifration flasks of about 
300 c.c. capacit^^ To the content# of one of these flasks 
is added 2r*drop or two of methyl orange solution, and 
then semi-normal sodium hydroxide solution until the 
red tint just disappears, as nearly as can be judged by 
comparison with the other portion which has been 
treated with an equal amount of methyl orange, 
o-i to 0-2 c.c. of semi-nownal soda solution are 
then added. Tjiis first titration is not “quantita- 
tive, but is carried c^t to obtain a standard by 
which the second portion may be titrated to neu- 
trality. 

A neutral solution of the chlorides or sulphates of the 
bases is thus obtained ; any fiirther addition of alkali 
w#uld produce aif alkaline r^aefton with the methyl 
orange. Phenof phthalein is now added, ^and titration 
is continued to the end point of this indicator ; the 
reason why an alkaline reaction is not observed im- 
mediately is that the alkali displaces the tar bases from 
combination wUh the mineral acids, and the lit^rated 
bases have no action on the phenol phthalein ; only 
when the whole of the bases has been liberated will the 
alkali added produce a coloration with the pflenol 
phthalein. The number of cubic centimetres of soda 
solution used between the two indicators, multiplied by 
0*079, S^ves the total amount of the bases in terms 
*of pyridine, or, multiplied by 0*129, in terms of 
quinoline. 

Paraffins [Centrifugal Method ). — ^Weiss (footiibtj, p. 42) 
gives the following method for the testing o^- heavy and 
middle oils, which is ap adaptation of that due to Bate- 
▲.LA. 7 
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m«in.^ The principle is similar to .that^flihe methods 
described on pp. 66 and 67 for benzols. Ten grams of the 
sample arc weigJicd infa a Babcock milk bottle (see Fig. 
22, p. 271), 40 c.c. of 37 N. sulphuric jfcidjtotal SO3, 
80*07 per cent.) are added, -lo c.c. at a time, the bottle 
being shaken for two minutes after each addition. After 
all'the acid has been added, the bottle is kept at 98° to 
100° for one hour, shaking vigorously every ten minutes. 
The bottle is then coded, filled to the top with ordina^ 
sulphuric add, and wliirled for five minutes in a centiP 
fuge. The unsiilphonated residue, cc>r\sisting chiefly of 
paraflins, should be a clear tralisparent oil ; it is read 
off on the scale, the reading in terms of the larger divi- 
sions giving the percentage when multiplied by twb. 

Dimethyl Sulphate Method . — This is an application of 
Valent a’s test (sec p. 242). R. M. Chapin ® recommends 
the following test in pfhcQ of or as sujiplementary to tke 
sulphonation Jest : 5 c.c. of the sample*are shaken in a 
narrow tube with 8 c.c. of dimethyl sulphate and allowed 
to stand ; the *aromatic compounds dissolve in the 
dimetCyl sulphate, and form the lower layer, while the 
paraffiTis, if any, will be seen as an upper layer. If a 
graduated tube is used, the approximate amount of 
paraffins may be estimated. * 

This method is not so applicable to mixtures of low 
boiling point, as the lighter paraffins arc somewhat 
soluble in dimethyl sulphate. The method is, however, 
useful for the detection of creosotes of doubtful origin, 
or heavy j>etroleum oils in admixture with creosote. 

Sage (loc. cit) states that English creosote contains 
% • 

* U.S. Dept.* Agric. Forest Service, Circular 191, abs. J.S.C I., 
igii, 31. 425^ , 

•U.S. Dept. Agric. Circular 167, aba. Analyst, igti, 585. 
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very little paraffin, one-haliipcr cent, at the most ; v/liile 
blast furnace creosote contains 5 t# 6 per cent, of 
paraffins. Fr^m what has been saiS in the introductory 
reniarks t« this section, it is obvious that a good creosote 
should ihow only a very small sulphonation residue; and 
practically nothing insoluble in dimethyl sulphate. 
Appreciable amounts of paraffins will indicate that the 
creosote w'as obtained from tar w'hich has been distilled 
at a low temperature (see p. 38) •or from .blast furnace 
or that it lia^ been adulterated with pt^noleum oils. 


Naphthalenk. 

T^is substance occurs in coal tar to the extent of 5 to 
10 per cent., being one of its chief constituents.* In the 
dyeing industry it is of great importance as the source 
of the naphthols, j^aphthylaniinc/iphthalic acid, etc. As 
mentioned above, naphthalene i? obtained from the car- 
bolic oil and creosote oil fractions of coal far ; it is freed 
from phenols by washing with caustic alkali solution, 
and sometimes with sulphuric acid, which remotes the 
phenols as sulphonic acids.» Further purification is 
effected •by filter-pressing the warm material, and 
fractional distillation., • 

The Testing of Naphthalene for Purity . — Naphthalene 
wffiich is to be chemically treated is required to be as 
pure as possible. The purest naphthalene mehs at,79-5® 
to 79*8® and boils at 217"^ to 218° fit 76# mm. pressure. 

• The following tests for purity may be applied to com- 
mercial naphthalene : * 

(1) Dissolve ill hot pure concentrated sulphuj^c acid ; 
the solution should turn only faintly pufple or pink. 
With less pure brands it will turn red*. * 

(2) Pour pure fuming nitric acid on to the bottom of 
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a desiccator, and place the naphthalene ii? a watch glass 
above it, covering up tl^e whole as usuaJ ; if the sample 
remains white for haJf a^n hour it is good, and if for two 
hours, it is excellent. ‘Inferior qualities soon furn pink. 
After some hours, all sampldfe go yellow, probably owing 
to the formation of nitronaphthalene. 

(3) Phenols may be tested for by* boiling the sample 
with dilute sodium hydroxide solution, cooling, filtering 
and adding to the filtrate a little bromine water and 
dilute hydrochloric acid any phenols which may be 
present will be precipitated a^ bromipe* derivatives. 

(4) Quinoline bases may be tested for by dissolving 
the sample in concentrated sulphuric acid, pouring the 
solution into water and filtering ; on making the filfrate 
alkaline and distilling, the bases will pass over with the 
steam and be recognisable by their characteristic smell. 

For naphthalene whifhds to be useb as insecticide Or 
for carburet ting gas, the tests for purity need not be so 
stringent. 


Anthr.\cene^ Oil Products. 

Anthracene oil, which is distilled from ’about 270® to 
the point of pitching, is a greenish yellow fluid, turning 
browji on exposure to air, and oo&ing from 280® to 400®. 
On cooling to the ordinary temperature it becomes semi- 
solid, yielding a crystalline deposit of crude anthracene, 
amounting to jbout,3o per <jent. of the total. Crude 
anthracene is an exceedingly complex mixture ; in ^ 
addition to many substances of unknown constitution, 
it contain^ the following : naphthalene and homologues, 
anthracene, tmetliyl anthracene, etc., phenanthrene, 
acenaphten^ diphenyl, pyrene, fluorene and other hydro- 
carbons of high molecular weight, phenols of complex 
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constitution, ittd nitrogen tompounds such as carbaz&le, 
acridine and imidophenyl naph^yl. tThe fluid portions 
of the anthracene oil are of little v^ue ; they su'e either 
redistilled or used as lubricants. The solid constituents 
are wofked up for anthracene, which is one of the most 
valuable constituei^s of coal tar, being the basis of.the 
alizarin dyes. It is present in coal tar to the extent of 
about 0*3 to 0*9 per cent., and constitutes from 2j to 3J 
per cent, of the anthracene oil. The othor constituents 
of anthracene oiL with the exception of rtid)azole, are 
of little or no commercial importance. 

After pressing, first cold and then hot, a crude anthra- 
cene cake containing some 30 to 40 per cent, of anthra- 
cene is obtained. A second crop, crystallised from the 
anthracene oil at about 15°, yields an anthracene cake 
containing 10 pe|i cent, of anthri,cene. The subsequent 
processes by which pure antlirarcene is obtained consist 
mainly in washing the finely divided* product with 
solvents such as naphtha, creosote oil^ acetone or liquid 
sulphur dioxide. 

The Examination of Crude or Purified 

.^NTHRACENE. 

The value of the product depends, firstly, on the 
amount of real anthracene it contains, and secondly, on 
its freedom from undesirable impurities, the cljief of 
which aie the higher paraffins arid me 4 hyl anthracene, 
which are often present in appreciable quantities in 
some tars, notably those from Scotland and the north of 
England. These impurities are very difficult»tcvremove, 
and if present in appreciable quantitie^j^ render the 
anthracene unfit for alizarin making ; the paraffins 
especially impede the oxidation to anthraquinone, and 
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render the purification of the latter diffic^t. Carbazole 
is another objectipnablp impurity which should be re- 
moved as completely as 'possible. The ^estimation of 
anthracene and the dbtection and estimation of the 
impurities just mentioned ai^ described below. * 

Crude unwashed anthracene cake formerly contained 
about 30 to 40 per cent, of anthracene, but in recent 
years it has been found possible to obtain a product 
containing already at this stage from 40 to 50 per cent., 
or even mortk, of anthracen\j. 

The Estimniion of Anthracene in, Ci*ude or Purified 
Anthracene Cake. — ^'J'he method usually adopted is 
known as the " H6chst test," in which the anthracene 
is quantitatively oxidised to anthraquinone, by means 
of chromic acid in acetic acid solution, and estimated as 
such. During the process practically all the accompany- 
ing substances are eit Iter •completely oj^idised or con- 
verted into products which arc easily removed by wash- 
ing with water or dilute alkaline solution. In order that 
reliablc^results may be obtained, the following directions 
should be closely adhered to : 

I gram of the carefully sampled anthracene* cake is 
treated with 45 c.c. of pure glacial acetic acid in a 500 
c.c. flj^sk, fitted with a reflux condenser, and the mixture 
is kept boiling while absolution of 15 grams of pure 
chromic agd in 10 c.c. of glacial acetic acid and 10 c.c. 
of water is add^d drop by drop ; the addition of this 
oxidising mixture is to extend over two hours, after . 
which the boiling is continued for two hours more. The 
mixture is Jhen allowed to stand for twelve hours, when 
400 c.c. of cold water are added. After another three 
hours, the precipitated anthraquinone is collected on a 
filter and washed, first with distilled water, then with 
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200 c.c. of a Mling i per j:ent. solution of potassium 
hydroxide, and 'finally with ho^ distjfled water. The 
quinone is tli^n transferred, wfth*the aid of* a wash 
bottle, to^a dish, dried at ioo°, afid treated with lo c.c. 
of fuming sulphuric acid at loo° for ten minutes on the 
water bath. The solution thus obtained is poured into 
a flat dish and kept for twelve hours in a moist atmo- 
sphere, say, on a thick layer of moist blotting paper under 
a bell iar, to absorb water. 200 .c.c. of cold water are 
then added to the^contents of* he dish ; the.precipitated 
aiithraquinone is collected on a filter, and washed, first 
with distilled water, then with boiling i per cent, potas- 
siun^ hydroxide solution, and finally* with hot distilled 
water. The residue on the filter is transferred to a 
platinum dish, dried and weighed ; after volatilising the 
c^uinone at a gentle heat, the dislj is re-weighed with the 
particles of asf; and coal whidi remain. The difference 
between the two weights is equal to tho weight of the 
anthraquinone, which, multiplied by 0*856, is equal to 
the weight of real anthracene in the sa'mple, ^ 

The anthraquinone got by; the above process should 
be crystalline, and of a pale yellow colour. An orange 
or red colour indicate^ the presence of the quinones of 
other hydrocarbons, especially those of phenanthrgne or 
chrysene, the latter being recognisable by the indigo 
coloration which it produces on the additir)n of con- 
centrated sulphuric acid.» The quyionejof imido |Jhenyl 
naphthyl prevents the crystallisation of the anthra- 
quinone ; according to Allen, it may be destroyed by 
longer heating, with fuming sulphuric aci(J. ^In the 
presence of methyl anttiracene the anthraquinone 
obtained does not show the usual ch^racteistic needles, 
but it is more or les? felted. 
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•Lewis ^ employs the following method T)f purifying the 
anthraquinone ii> pref^ence to the metliod of treatment 
with futning acid described above. It /is more expe- 
ditious, and is claimed to estimate accurately anthra- 
quinonc in samples contaminated eithei^ with large 
amounts of phenanthraquinone ^r anthracene. One 
part of anthraquinone, wet with alcohol, is mixed with 
two parts of zinc dust and about fifty parts of hot sodium 
hydroxide solution ; .the mixture is heated just below 
the boilii\g« point for five minutes, ,and then rapidly 
filtered by suction and washed, once ^^th water. The 
filter paper with the residue is heated with another 
portion of soda solution, and rapidly filtered into the 
same flask. The heating and filtration are repeated a 
third time with a fresh portion of soda solution to ensure 
that all the anthraqyinone has beijn converted into 
oxanthranol,* which fornffe a red solution in a solution 
of caustic alkali of the strength used ; if no red colour 
is formed on boiling the residue for the third time with 
soda solution, the reduction is known to be complete. 
The filtrations must be earned out as rapidly as possible 
for oxanthranol is reconverted into anthraquinone by 
atmospheric oxidation, a process, which is now applied 
to th^ filtrate. The suction flask is cooled in water and 
shaken while a stream of air is being drawn through it 
until the rted colour has disappeared. The resulting 
anthraquinone js filtered on ar weighed Gooch crucible, 
washed with water, dried at iio° and weighed. 

If the -reduction process is carried too far, some 
anthrappl ? may be formed ; this should be avoided as 
* j . i . ek :., 1918, 10, 425. 

V ^CHOH COH 

xo . c 

H 
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anthranol is iWt converted into anthraquinone by 
atmospheric oxidation ; its preseyce i^detected by any 
yellow colour I in the filtrate* frofh the reoxidation. 
A green colour in the reoxidisftd product indicates 
a reduced compound of phenanthraquinone of unkiiown 
structure. The presence of phenanthraquinone leads 
to high results, but when present in amounts *of 
less than lo per cent., the error is negligible for 
practical purposes. 

Carbazole,^ like^imido phenyl naphthyl, produces a 
quinone which hiterfergs with the purification of the 
anthraquinone ; according to Behrens, it is detected 
by q^ctractiyg the anthracene with cbld ethyl acetate, 
evaporating the solvent on a watch glass and warming 
with a few drops of nitrobenzene and phenanthra- 
quinone ; characteristic narrow^ plates of a coppery 
lustre are got ifccarbazole is pfes^nt. 

Estimation of Carbazole . — ^This substance, which occurs 
in coal tar to about the same extent as anthracene, has 
lately become of some importance a^ raw matyial in 
the cyanide industry, as well as in the manufacture of 
dyes. Owing to the weakly acidic nature of the imido 
group which it contains, it may be separated from the 
accompanying constituents by heating with pptash, 
when a potassium derivative is formed. 

For its estimation, Kraemer and Spilker i;pcommend 
the following process : the crude anthracene, in a*finely 
• divided state, is extracted with warm dilute sulphuric 
acid, which removes all other nitrogen compounds which 
are of a basic ^lature. The nitrogen is theq estimated 
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iq the residue by Kjeldahl’s process "••(see p. 21) and 
calculated to carbazole. ' 

The Determination of Paraffins in Crude Anthracene , — 
Kraemer and Spilkercecommend the foilowyig process, 
which, in theory, is the sstaie as their process .for esti- 
mating paraffins in benzol (see p. 64) : 10 grams of.the 
fiitely powdered anthracene are sltakcn with 70 c.c of 
ether in a 100 c.c. measuring flask for ten minutes, the 
flask is filled to the mark with ether, and the contents 
are allowed to settle. 5o%.c. of the clear solution, repre- 
senting 5* grams of the sample, are mtroduccd into a 
porcelain dish, the ether is allowed to evaporate, and 
the residue is dried at 100° for half an Jiour. After 
cooling, it is triturated with 8 c.c. of fuming sulphuric 
acid, containing 20 per cent, of SO3. The dish is covered 
with a watch glass and heated to 100° for three hours, 
with frequent stirringf^ The contents are then washed 
into a beaker \yith 500 c.c. of hot water and, after cooling, 
passed through a dry filter. The beaker is rinsed out 
onto the filter, w^iich is washed with water until barium 
chlori Jc solution no longei; produces a precipitate in the 
filtrate ; the filter is then allowed to drain, tlioroughly 
moistened with absolute alcphol, and the paraffin is 
washed by means of ether into a weighed dish until a 
few drops of the running ether leave no residue on 
evaporation. The last traces of paraffin are removed 
from the beaker by njeans of qj:her, which is also passed 
through the filter and added to the main portion. The 
total ethiy solution is evaporated in the dish, the 
residue dried at 105'’ for two hours, and weighed as 
paraffin.* , 

'As these s\^bstanc|^ contain cyclic nitrogen, it is best to 
employ the Gunning- Arnold method (see footnote, p. 27). 
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Good anthracenes should contain little or no paraffin ; 
^ inferior qualities ifiay, however, contain about 4 to 6 per 
cent, of this con|tituent. 
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CHAPTER III 

THE FATl^ OILS AND FATS 
iNTRODUrt'ORY 

The fatty oils'and fats constitute a well-define4group 
of natpral products of outstanding economic importance. 
Consisting essentially of mixtures of the mixed or simple 
neutral glycerol esters of the aliphatic acids and other 
acids belonging to allied* series, they rngiy be hydrolysed 
by the action of caustic alkali with the formation of 
free glycerol and the potassium or sodium salts of the 
fatty^ acids ; ^hen the aqueous solutions of these 
salts, which are generally known as soaps, are acidified 
with mineral acid, the bulk of the fatty •acids are 
precipitated. These chemical characteristics mark off 
the^fatty oils from other substances also known as 
oils, e.g. the essential oils (terpenes), the 'petroleum or 
coal tar joils (hydrocarbons), but indicate a certain 
rdafionship ^th .the waxes, which, however, are 
essentially esters of monohydric alcohols of high mole-' 
cular weight. 

The acjds which are most commonly, met with in the 
saponi&catien products o^ the oils and fats are as 
follows : — 

(i) The aliphatic acids containing an even number of 
loS 
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carbon atoms butyric acid, CiHgOg, fo Irachi^dic 
acid, C20M^0O2> • * 

* (2) Unsaturated open chain ^qjd^ ylblding dibronio 

additive compoSnds, of which the jnore well-known are 
oleic acid, (CH, (CHJ, CH=CH (CH,); COOH); 

rapic acid, CigH3402 ; and erucic acid, C2aH4202 

(C,Hj -tH = CH(CHi^„COOH). 

(3) Unsaturated acids yielding tetrabromo additive 

compounds, of which one of ^he •most w^l-known is 
linolic acid, • • 

(4) Acids yielding hex^bromo additive compounds, of 
which the most well-known is linolenic acid, CigH30O2. 

(5) •Acids yielding octobromo additive compounds, e.g., 
clupadonic acid, CigHagOg. 

In addition to the above, higher or lower aliphatic 
acids than those wientioned, acids containing uneven 
numbers of carbon atoms in ^he molecule, cyclic un- 
saturated acids and hydroxy acids may 'be met with 
in small quantities or in isolated cases. The chemical 
constitution of many of the acids obtained from tke oils 
and fats is, as yet, doubtful. • 

By far the greater number of the fatty oils and fats are 
complex mixtures front which it is generally extremely 
difficult to isolate chemical individuals ; many of the 
methods for their examination and identification are 
therefore methods for determining the mean cf certain 
^ chemical or physical char^teristicsfof their constituents 
or of the mixtures of fatty acids which have been obtained 
from them by certain standard methods. Under this 
heading come the so-callejl "quantitative reactions" 
such as the determination of the iodine absorbing power 
and the saponification value, which are described below. 
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Chemicaf methods of a more definite nature may, how- 
ever, be employed in certam cases ; afe an example may ^ 
be mentioned tfie examination of the small amounts of 
unsaponifiable matteir which are present in ^11 fatty oils 
and fots. The vegetable mis and fats, or at least all the 
more commonly known members of this group, coetain 
small amounts of an easily recogiiised substance known 
as phytosterol, which is absent from all animal fats : 
the latter, on the* other hand, contain small amounts 
of cholesterbl, which* is absent from the vegetable pro- 
ducts. Another example is seen in* the isolation of 
arachidic acid from arachis oilT The colour tests, such 
as those employed for the recognition of sesame and 
cot ton -seed oils, depend on the detection of small 
amounts of characteristic constituents of these oils by 
chemical means. 

All fatty oils and fa^ contain smaller or larger amounts 
of free fatty ^cids in Aie natural state ; in oils and fats 
of animal origin the proportion of free acids is normally 
very small ; in * vegetable oils and fats it is generally 
largei*! an extreme case being that of palm oil, which 
may contain from lo to % per cent, of free faity acids. 
One of the principal objects of the refining processes to 
which vegetable oils and fats are submitted is the re- 
moval of these free acids by treatment with limited 
amounts of alkali ; such processes arc, however, only 
undertaken in the case of products in which the amounts 
of free acids jfre normally confined within reasonable, 
limits. 

All fatty oils and fats, especially those of vegetable 
origin, de^el^p acidity on hoping, unless protected from 
light, air and moisture ; this is, no doubt, to be ascribed 
to the action of hydrolysing enEymes which become 
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active under cferJijin conditions. The vegeiauie oiis and 
fats are usually stored as reserve food material in seeds 
and fruits, and are accompanied bytbn^ymcs, the fynction 
of which is to convert them into s(^uble material which 
can be assimilated by the growing plant. This view is 
confirmed by the experience that if oil seeds or fruits 
are <i*ied and pressed ^on after they have been gathered, 
as, for example, in the case of the pre-war Cochin coco- 
nut oil, the resulting oil is of a much better quality than 
if they have to be kept for jomh time, often under 
adverse conditioiy^T before the oil can be e3?tracted ; 
from this point of view, there is a great deal to be said 
in favour of pressing or extracting edible oils and fats 
from file seeds or fruits as near as possible to the locality 
where they arc grown. 

Rancidity is a term applied to various defects of taste 
which develop in t)ils and fat^. •It is not necessarily 
connected with \ high content of free fatty acids, and 
cannot be satisfactorily detected or measured by chemical 
means, although several methodsTiave been devised with 
this object in view. The development of rancidfty is 
promote(\,by the action of air,* light, and moisture, and 
probably also by enzymes derived from the original 
material or from micro-organisms, such as moulds. As 
is well known, the enzymes may remain active After 
separation from the organisms which produced them. 
The development of rancidity appears to be connected 
with processes of oxidation ; it has been ascribed to the 
^formation of aldehydes, ketones, acids, and various other 
substances ; it is conceivable that such bodies as oenan- 
thylic and pelargonic aldehydes and acids might arise 
from the oxidation of the unsaturated acids ^y cleavage 
at the point represented by the double bond. The pro- 
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cess* i a*whble, however, does not len^ itself to Itmple 
explanation. It may also* be mentioned that oils and 
fats take up thh odojir^ and tastes of materials with 
which they arc in contact, a property <vhich has been 
made use of in perfumery, and which alsdr forms the 
basis ot the flavouring of butter and margarine fats. 
Tgints in oils and fats, as well as in milk and blitter, 
may also arise in this manner. Taints due to incomplete 
refining may sometimes also be described as rancidity. 
The whole question ns <^f far greater importance with 
respect te 6dible fats, than fats reqiv.red for other pur- 
poses. * 

Classification oj the Fatty Oils and Fats . — Complex 
naturally occurring substances such as the fatty oils and 
fats cannot, of course, be submitted to any hard and 
fast rigid system of classification. The system adopted 
by Lewkowitsch, given below, is based partly on the 
origin of the product ‘and partly on the drying power, 
i.e., the powdr of absorbing oxygen with the formation 
of more or less viscous-products. This important pro- 
perty depends on the proportion of unsaturated acid 
radicles present, and their degree of unsaturation ; the 
combined effect of these chemical characteristics is 
accurately measured by iodine Lbsorbing power, or, as 
it is ^generally called, the “ iodine value " of the oil or 
fat. As pointed out by Lewkowitsch, the iodine value 
is the most convenient constant on which to base a 
system of classification, as on it depend to a large extent 
important physical propejrties, notably the consistence, 
mdting and solidifying points. 

The folbwing scheme of classification should be com- 
pared with^^he table of constants and characteristics 
given on pp. 148 and 149 : — 
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. 1.— Liquid Fats, 

(A) Vegetable ofls. 

(a) Drying, linseed anS li^mpseed oils, 

(5) %mi-drying, e.g., soya* bean, cotton seed, 

• ’ rape seed, and sdfeamc oils. 

, (c) Non-drying, e.g., arachis, olive and castor oils, 

(B) Animal oils. ' • 

(1) jiiarine animal oils. 

{a) Fish oils, e.g., menhaden oil. 

(6) Liver oils, e.g., «od liver oil. *, 

(c) Bkitber oils, e.g., seal and whale oils. 

( 2 ) Terrestrial animal oils, e.g., sheep's foot and * 

neat’s foot oils. 

2 . — Solid Fats. 

(A) Vegetable fa^s, e.g., pali^ oM, cacao butter, palm 
kernel and cocoiftit oils. 

(B) Animal fats. 

(a) Drying fats. 

{b) Semi-drying fats. 

((^ Non-drying fats, ^.g., beef tallow, mutton 
tallow, butter fat. 

The various groups in this system of classificatior^are, 
of course, by no means sharply defined, for all gradations 
in drying power and consistence arc met with, amongst 
the oils and fats. 

The Estimation of Fatty Matter in Sjieds, 
OiLCAKf, etc. 

Vegetable oils and fats are obtained from seeds, fruits, 
etc., by submitting tj^e disintegrateef material to high 

A.I.A. 8 
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pressure, either hot or cold, the finer ,^€;^ible fats usually 

being expressed^at the ordfUary temperature (cold drawn) . 
In recent years prqpe^e^ involving the extraction of fatty 
material by means Qf organic solvents^have been intro- 
duced. Petroleum ether,* carbon disulphide and chlori- 
nated compounds of the carbon tetrachloride and tri- 
dhloro-ethylene type have been ^scd for this purpose. 
The exhausted material, known as oilcake, which usually 
contains from 6 td i6 per cent, of fat and varying pro- 
portions of* nitrogenous .matter, is largely used as fodder 
for cattle. 

The method to be describedls generally applicable for 
the determination of fattj matter in oleaginous seeds or 
fruits such as rape seed, linseed, soya beans, copra [i.e,, 
dried Cocoanut endosperm), oilcake, etc. 

If the material contains much water, it must first be 
dried at a gentle heap; seeds, etc., afe first disintegrated 
by passing through a mincing machine, but if the 
material contains so much oil that loss takes place in 
this process, it* is better first to break it up roughly 
by shredding with a sharp knife, with such precautions 
that any exuded oil ma^ be washed into the^ extractor 
with the solvent. In dealing with copra, Bolton advises 
that the material should be cut radially so as to get a 
truly representative sample. It is generally agreed that 
petroleum ether is the best solvent to use, as ether will 
extract small amounts of non-fatty matter"; for most 
purposes, petroleunf ether bdiling below 6o® is suitable. 
The ordinary Soxhlet apparatus may be used, but the 
Bolton a\id*Revis extractor described on p. 87 is recom- 
mended. * The designers giv*o the following directions fear 
its use in addition to those already given : After a 
preliminary’ extraction lasting half to two hoqrs^ the 
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extracior is remoi'tu ana the solvent allowed to evaporate 
in a moderately ^arm place ;* when dagger of spurting 
is passed, the contents are distributed over the w^lls of 
the tube by^genlle tapping, and the tube is placed in 
the water, (fv^n for about half an hour. The contents 
are tj^en transferred to a mortar with about 2 grams of 
clean dry sand whici 5 * passes 60 mesh, and ground a*s 
finely as possible ; the object is to break up the cell 
walls and liberate all the fat. The contents of the 
mortar are quantitatively returned to the extractor, the 
mortar being washed out with the solvent. The ex- 
traction is then continue 3 for an hour to an hour and a 
half, after which the flask is removed*and the solvent 
carefully distilled off on the water bath or a suitable 
electric heater, taking care in the latter case to'avoid 
overheating towards the end. Care must be taken to 
avoid loss of fat by* spurting on»to the cork or the tube, 
for which reason it is well to use a flask with a somewhat 
long neck and to place it in an inclined position. The 
fat should be dried at a temperature not exceeding 105® 
till constant in weight. Unduly prolonged heating, or 
heating ai too high a temperature, is liable to cause 
oxidation of oils and fats, ^specially of those with high 
iodine values and pronounced drying powers. ^ 

In dealing with substances such as flour and cocoa, it 
is usual to extract from 2 to 3 grams of the drie(J sample. 
One extra cf ion will suffice unless the material c^ies 
together, in which case it should be renibved with the 
precautions described above, broken up, and^ further 
extracted. The fat in the flask is freed from tlje solvent 
by distillation a*nd heating** to 105® in an, oven, and 
weighed. 

The cnide flatty matter obtained from a larger scale 



ii6 Industrial Organic Analysis 

single extraction may be analysed fortUs ‘content of free 
fatty acids, ctc^, as described below. • 

The b.XAMiNATioN OF jHE Fatty Oils'^nd Fats. 

• 

Preparation of the Sample . — Before the sample i§ sub- 
mitted to a chemical and physicafinvestigation, it must 
be freed from foreign matter such as water, dissolved 
soaps, vegetable dr animal tissues, etc.' In most cases 
it will be sufficient to melt the sample, and, if water is 
seen to be present, allow it to stand m a warm place till 
separation has taken place, wfien the clear fat is passed 
through a dry filter. Dissolved mineral matter such as 
soap is detected by burning off a portion of the sample 
and examining the residue, if any, for metals ; it may be 
removed by extracting the melted fat with dilute nitric 
acid and, after washing <with warm water, proceeding as 
directed aboj^e. Foreign matter such as paraffin, rosin 
oil, etc., is not removed at this stage, and is only detected 
on closer examination. 

Tfie sample should always be thoroughly liquefied, at a 
gentle heat if necessary, and well mixed when portions 
of it are to be abstracted fo;* analysis or physical deter- 
minations ; it will be found that oils often deposit small 
quantities of solid matter at the ordinary temperature, 
which sink to the bottom of the vessel, while solid fats, 
whfin cooled slowly, first deposit their higher melting 
glycerides, so that the composition of the solidified mas^ 
may not be entirely uniform. 

Estim(^tion of Water in Fats . — ^This determination is of 
especial importance in the ^ase of butter and margarine, 
in which the waiter and fats are mixed as emulsions 
(see p. 298). 
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According to fhft Sale of Butter Regulations of 1902^ 
the percentage of water in butter is^imited to 16 per cent. 
Similarly, margarine containing \nortf than 16 per cent, 
of water would be held to be not genuine margarine but 
margarine and water. 

Foi the determination of water in “ acid oils,” 
mixtures of neutral oils and fatty acids obtained as a 
bye-product from refining processes, Bolton and Revis ^ 
recommend a special process. 

Thk Physic.\l and CmExMical Constants of the 
Fatty Oils and Fats;, 

On pages 148-149 the physical and chemical constants 
of some of the commoner oils and fats are set out. As 
might be expected of natural products, variations occur 
between the constants of diffeitnt samples of the same 
kind of material. Extreme variations are,^iowever, ex- 
ceptional, and for purposes of calculating the approxi- 
mate compositions of mixtures, typical oY average values 
are usually employed, the probability being that* the 
results thus obtained will be near the truth. 

• 

Physical Methods for Examining Fatty Oiijb 
and Fats. 

These include determinations of specific gravity, illelt- 
ing point of the fat and of*the fatty acids derived from 
It (titer test), and the refractive index. The last men- 
tioned furnishes very valuable results. The ti^er test is 
generally of moA value thaft the determination of the 
melting point of the fat itself. The specific gravity may 

^Analyst 1918,159. 
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furnish useful indications or corrobcfrative evidence in 

ft 

some cases. 

Specific Gravity determinatioji may be carried 
out by means of the Sprengel pyknometer Oi the ordinary 
specific gravity bottle; in most cases, however, suf- 
Qciently accurate results may be 9btained by use of the 
Westphal balance which is described on p. 50. In case 
of oils which are completely liquid at the ordinary tem- 
perature, the specify: gravity is taken at 15*5®, and in 
case of jiolJd fats, at tlte temperatiye of boiling water. 
If it is only necessary to heat yie fat £f few degrees above 
15*5° for complete liquefaction, the determination may 
be made at this'temperature, and the result redqced to 
15*5®., Allen gives the mean temperature correction for 
most common fatty oils and fats, with the exception of 
whale oil, as 0*00064 per degree Centigrade. The specific 
gravities of the commort oils and fats jire set out in the 
table on pp.*i48 and 149. 

Melting Point . — ^The methods commonly used for rela- 
tivdy pure organic substances cannot be applied to fats. 
Numerous methods hav^ been designed for determining 
the melting points of fats, and as varying insults are 
obtained according to the ntethod used, it is not advis- 
able to place too much reliance on indications afforded 
by comparison of results obtained with figures given in 
the literAture. By the following method, which is used 
in several works' la^boratoriejj, a number of samples may 
be dealt with simultaneously. . 

Glass. capillary tubes are made by drawing out thin- 
walled tube, the capillary j>art being as^ nearly as possible 
of z mm. bcre and about 5 cm. long. The melted sample 
is introduced into the capillary end to a height of i cm. 
The fat in the tube is suddenly cobled by placing between 
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two flat pieces df ice or in* a freezing mixture made by 
mixing five parts of commercial l^irockloric acid with 
eight parts of j»owdered crystallised sodium sulphate 
immediatelyibefore use. The fat iif the tubes should be 
kept for at least two hours on ice, or overnight in a cold 
placer if the freezing lyixture has been used. Unless th^ 
fat is thoroughly set, Ae melting point observed will be 
too low. The tube is placed in a water bath so that the 
top of the fat column comes i cm. below the surface ; 
while the water is Ijept well stirred, the temj^r^ture, as 
indicated by a delicate Jhermometer, is raised at the 
rate of about i® per minute ; the temperature at which 
the fat becomes sufficiently soft to be forced up the tube 
by hydrostatic pressure is taken as the melting point. 
If only one or two melting points are to be determined, 
the tubes may be attached to the thermometer bulb by 
a rubber band. •If a number oY tests are to be carried 
out simultaneously, the tubes may be held in position 
in shallow grooves in a long strip of wood by means of 
a wide rubber band which is wired down at several 
points throughout the length pf the strip. The tem- 
perature df the water bath must be raised gradually and 
evenly, the heat being supplied not by a direct flame, 
but by immersing in a second water bath kept ^t a 
slightly higher temperature. The stirring should be 
carried out so as to cause a constant current of^vater Jo 
circulate past the melting ftpint tubq? and thermometer. 

• Some fats, especially coconut and palm-kernel fats, 
show perfectly sharp melting points by thp above 
methods, duplicate tests agrwing within o*2®, pr at the 
most 0*3®. In the case of some animal fats or mixtures 
of these with oil, especially where the proportion of 
stearin to oil is small, Yhe melting points observed are 
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less sharp, the movement of the fat'u’p the tube being 
sluggish. 

The Titer 1 est.- -tiy the titer test m understood the 
determination of the solidifying point of*the insoluble 
fatty acids, together with the small amount oT naturally 
occurring unsaponifiablc mattei;# as obtained by the 
process now to be described. The procedure set out is 
that recommended by Lewkowdtsch. 

Saponify loo grams j3f the oil or fat by boiling with 
40 c.c.*oY aqueous potassium hydroxide solution of 
specific gravity 1-4, and 410 g.c. of alcohol, in a porce- 
lain dish on a vyatcr bath, stirring continually until the 
soap becomes pasty. Dissolve the residual soap in 
1,000. c.c. of water and boil until all the alcohol h^s 
been removed, rc'placing the water which has evaporated, 
from time to time.# Decompose the soap solution by 
acidification with dilute sulphuric acid and when, by 
continued boiling, the fatty acids have been obtained 
as a clear layer floating on the aqueous liquid, draw off 
thc,latter by means of a syphon, and wash the fatty 
acids several times with hot distilled water until all 
acid, as tested for by methyl orange, has been removed. 
Place the dish with the fatty .acids on the water bath 
until the latter are melted, and the water and impurities 
have settled out ; after passing through a fluted, soft, 
thifk fitter paper in a heated funnel, they will be suf- 
ficiently dry (or fuither examination. The actual deter- 
mination may be carried out by the following method, 
dub to Dalican and recommended by Lewkowitsch : — 

The mixture of fatty acids, after standing overnight in 
a desiccatdr, is carefully melted in an air bath, and as 
much of it is pbured into a test tube 16 cm. long and 
3*5 cm. wide as will fill the tu6e somewhat more than 
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half full. Thfi tube is fitted by means of a cork iftto 
a wide mouth l)Ottle, lo cm. wide ^nd 13 cm. liigh ; 
an accurately standardised tliermdmeter, graduated in 
tenths of a degree, from o®^to 6(^ C., having a mercury 
bulb, 3 tm. long and 6 mm. in diameter, is placed so that 
the bulb is in the ojntre of the mass of the fatty agds. 
When a few crystals appear at the bottom of the tube, 
the mass is stirred by giving the thermometer a rotatory 
movement, first three times from right to left and then 
three times from the left to*right. The*tnass is then 
stirred continually witii a quick circular movement of 
the thermometer without allowing it to touch the sides 
of the vessel, and taking care that all the solidified por- 
tions, as long as they form, are well stirred jnto the 
mass until it has become cloudy throughout. At this 
point the thernn>meter is care^lly observed ; at first 
the mercury will fall or remSin stationary, after which 
it will suddenly rise some tenths of a •degree, remain 
stationary for a short time and then fall again. The 
maximum temperature attained during this ris^ is the 
titer or solidifying point of the mixed fatty acids. 

The\bove method gives very concordant results if 
attention be paid tq detail, especially in the actual 
determination of the solidifying point. 

The titer test is largely used for the commercial valua- 
tion of fats used in soap and candle making, notably 
tallow and palm oil. 1 % is customary ^to stipulate that 
the solidifying point shall not lie below a certain value, 
say, 43’5‘* C. in the case of beef tallow, and to reject the 
material or m^ike a dedu^ion in the price paid for it if 
it fails to comply with this standard. 

Reference to the table on p. 14^ will Ihow that the 
mixed fatty acids derived firom various oils and fats may, 
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in*some cases, readily be distinguished frftm one another 
by means of the«titerttest ; thus, conipare the figures 
given for cotton sc#d oil and rape seedioil. This cir- 
cumstance may be mdde use of in the exandnation of 
fatty oils and fats in mixtures with mineral oiis,»it being 
pogsible to separate the fatty acids from such mixtures, 
but not the fatty oils or fats themselves. This problem 
will be further dis.cussed under the examination of 
lubricating oils. (Chapter V.) 

Refractive •index . — The mstruments generally used for 
the examination of oils and fat^ are thh Abb6 refracto- 
meter, which has a range of from 1*3 to 17, and the 
Butyrometer or butter refractometer, which has a range 
of from .1-42 to 1-49. The latter instrument is specially 
designed for examining oils and fats, and has a scale in 
arbitrary divisions the, readings of wj^ich arc generally 
quoted in the text-books ^nd literature /•elating to the 
present subject. The relations between the Zeiss scale 
divisions and refractive indices are given in the following 
table : — 


Scale 

degrees. 

• 

Kefraction 

Indices. 

Scale 
^ degrees. 

RefrCction 

Indices. 

• 

1-4220 

60 

1-4659 

10 

1-4300 

70 

1-4723 

* SO ^ 

1-4377 

80 

, 1-4783 

30 

• i- 44?2 

* 90 

1*4840 

40 

1-4524 

100 

1-4895 

50 'J 

, 2-4593 

1 fr 



Both instnfment»have the following points in common. 
They consist essentially of a tele^ope and two dense 
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glass prisms,* lw*ween which a continuous film of the 
(clear) liquid uhder examihatiqp is introduced. The 
field will be fgund to be divided into light and dark 
portions (owing to total reflection phenomena), and the 
dividing line is made as sharp as possible by focussing 
the, telescope. Both prisms are provided with jackets 
through which watef at a definite constant temperature 
is circulated (see Fig. 13). It is desirable that all 
observers should take observations at the same tem- 



perature, i,e., 40®. An accurate thermometer is placed 
so as to indic&te the ten^rature of th^ water as it 
leaves the prisms, and this should ^ve l^n constant 
for a £ew minutes before taking the readings. If the 
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temperature is not exactly a correAibn of 0*55 scale 
degree per degrc# C. njay be applied. *The writer finds 
that a good deal of*tim^ may be saved iby. making use 
of a chart described *by Richmond {Dairy •Chemistry, 
P- 350) J prefers to set it out to about four times the 
sc^lc recommended by Richmond jind to include ®nly 
temperatures from, say. 38® to 42°, the central line 
representing 40°, The instruments should be handled 
grasping the base and not the telescope. The prisms 



Fig. 13. — Butyro-Refractometer. 


should always be left clean *by wiping them carefully 
with soft, cltan linen or muslin, using a little alcohol 
and ether if necessary, and the greatest care should be 
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taken to protfect 4 hem from abrasion. The same applies 
to the metal parfs surroundihg tlje prigins. From time 
to time, the. ajjjustment of the initrument should be 
tested by pieans of the standard liquid or test piece 
supplied»bj^ the makers. 

Iq the butter refractometer the position of the shadow 
line is observed on tire scale inside the telescope ; tenths 
of a scale division, corresponding to the fourth decimal 
place of the refractive index, are estimated by means of 
a micrometer screw. In the Abbe instrument jross lines 
in the telescope ere made to coincide with the shadow 
line by rotating the arm connected with the prisms, and 
the reading is obtained from the circular scale, the 
fourth place of decimals being read by estimation. Both 
instruments can be used with daylight, the Abbe instru- 
ment being provided with a com|)ensating arrangement 
to produce an ^cfjromatic fieW. In the butter refrac- 
tometer the shadow line is sometimes not so sharp, but 
this defect may be overcome by using sodium light. 

By the use of the refractometer a ntllmber of samples 
may be dealt with in a short tjme ; the values obtained, 
some o^ which are given in the table on p. 148, are 
extremely useful for checking the purity of materials 
and for estimating adulterations. There is a certain 
parallelism between the refractive index and the degree 
of unsaturation, or the iodine value of the ojl. 

The Abb6 refractometer is the more expensive instru- 
ment, but it can be applied to other ‘work than the 
examination of oils and fats, e.g., essential oils;, strength 
of sugar, and other solutions, etc.^ 

* Four papers have recently appeared on this subject, by 
J. C. Phillip, F. Stanley, F. Twyman and F. Simfon, and Hugh 
Main, Annie Homer and A. E, Berry, J.S,C,L, 1919, 38, 139 T. 
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'Chemical Methods foq Examinin^^Fatty Oils 
^ND Fats. 

Under this heading will be described the determination 
of {a) the iodine value, (b) the saponification valiv, and (c) 
the Reichert-Meissl, Polenske-Kirschner values. Tjiese 
may be considered as being, withifi certain limits, con- 
stants for the individual fatty oils and fats, and may 
often be employed as a basis for their identification and 
approximate estimation "in mixtures. In addition will 
be described the determination of (d) the acid value, and 
(e) the unsaponifiable matter, the former of these may 
vary with the age and previous history of the sample, 
and cannot be looked on as a constant to be used for 
the purposes of identification. The amount of unsaponi- • 
fiable matter is normally small in most of the common 
fatty oils and fats, an^ its quantitative determination is 
generally of no great importance, except in cases where 
the presence of added foreign material is suspected. 
The qualitative* examination of this constituent, 
also ^o be described below, is, however, of some 
importance in the differentiation of anintal and 
vegetable fats, and especiajly in the detection of 
the latter in the former. (See *“ Phytosteryl Acetate 
Test.") 

Iodine {f’a/iw. — ^'fhe iodine value expresses the number 
of pa£Hs by weight of iodine which can be absorbed by 
100 parts of thfi fat.* In Hubl's original process the fat » 

was treated with iodine in an alcohcdic solution contain- 

« 

ing mercuric chloride. In Wijs' process, which is de- 
scribed below, a solution of iodine monocfcloride in glacial 
acetic acid i»used,;the time required for absorption being 
considerably shorter than in Hfibrs process. As the 
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Wijs* process’ 4)ractica]ly exclusively used nowadays, 
the alternative processes neeti not be dfscribed.^ 

In the determination a weighld quantity of the fat, 
dissolved iij carbon tetrachloride, *s treated at the ordi- 
nary tenjpferature with a definite volume of the iodine 
monochloride solution, and an equal volume of the latter 
is set aside at the ssftne time, under similar conditions, 
as a blank test. After the requisite time has elapsed 
the iodine monochloride is estimated in each case by 
titration with sodium thiosulphate solution.*. The differ- 
ence in the number of c.c. required in the blank test and 
in the actual determinafion is calculated to express the 
percentage proportion of iodine absorbed by the fat. 

The following solutions will be required : — 

Iodine Monochloride Solution , — Pure glacial acetic acid 
is prepared by the writer as follows The glacial acid 
obtained from the dealers is keated with small quan- 
tities of powdered potassium permanganate until a per- 
manent brown colour remains after standing for a few 
hours. It is then distilled from a flask*with a side tube 
immersed in a heated oil bath. The distillate between 
117® andfci23° is collected separately and used ; 99*9 per 
cent, acid, free from eippyreumatic compounds, is 
obtained in this way. *10 grams of iodine trichlyride 
(a lo-gram tube if obtainable) are dissolved in 200 to 
300 c.c. of the acetic acid in a flask provide^ with a 
cork carrying a long glass tube, to exclude moisture, 
Jheating on a water bath. * 12 grams of fbdine are like- 
wise dissolved in about 600 c.c. of acetic acid. The 
iodine solution is added to the iodine trichloride solution, 
and the progresSve change nn colour noted ; the final 
change should be from an orange to a hrown«shade, and, 

* See Fahrion, J.S.C.L, 1915, 34 » *85- 
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if jiecessary, a little more iodine solution ^ould be added 
to ensure that tligre is a slight amount of iodine in excess 
of that jrequired to (jpnteft all the trichloride into mono- 
chloride. The soluti(yi is then made up to a litre with 
acetic acid, heated for twenty minutes on*tJ^e water 
bath, and preserved in a well-stoppered bottle avoiding 
ac*cess of moisture at all times. «* 

Sodium Thiosulphate Solution . — 24 grams of the cry- 
stallised salt are dis’solved in water and made up to 1,000 
c.c. This solution may be conveniently standardised by 
the following method, due to Volhardt ; 3*8631 grams of 
pure potassium dicliromate, frde from the sodium salt, 
are dissolved in water and made up to 1,000 c.c. This 
solution should be standardised from time to time by 
titration against standard ferrous ammonium sulphate 
solution. 10 c.c. of a 10 per cent, solution of potassium 
iodide solution and 5 c.c.#of hydrochlbric acid are placed 
in a stoppered bottle and exactly 20 c.c. of the dichro- 
mate solution aie run in. The resulting mixture now 
contains exactly^ o*2 gram of free iodine, which may be 
titrated with the sodium thiosulphate solution, using 
starch as an indicator towards the end of ther process. 
The iodine equivalent of the^ thiosulphate solution may 
then be calculated. *' 

Starch Solution . — About i part of starch is stirred up 
in 100 parts of water, and the mixture heated to boiling. 

Pbiassium Iodide Solution . — A 10 per cent, solution of 
the pure salt ill wat*er. * ^ 

To determine the iodine value, the fat is weighed out 
in a smay specimen tube which is then dropped into a 
narrow mouthed bottle of*kbout 500 dc. capacity, and 
furnished vdth well-fitting stopper. The amount of 
fat to be taken varies with its power of absorbing iodine ; 
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in the case ofs^tkying oil, about 0*15 gram should be 
taken, but with at solid fat, ftaviijg a l#w iodine value, 
such as coconut^ oil, the amouiit*may be increased to 
about 1*5 gi^m. In any case, thc*amount of fat taken 
should b^ st) regulated that the excess of iodine mono- 
chloride present after absorption is complete is moi|;e 
than half of the amoifnt originally present. The fat is 
dissolved in 10 c.c. of carbon t'^trachloride, and 25 c.c. 
of the iodine monochloride solutio/i arc run in from a 
pipette ; in measuring out the sdlution for thhbjank test 
and for any other* 3 eterminations which are to be made 
simultaneously, the same pipette should be used and 
allowed to empty itself in the same manher and drain for 
the same length of time in each case. The resulting 
mixture should be a clear solution ; if turbid, more 
carbon tetrachloride should be added till the fat is com- 
pletely dissolve^. The bottle* is now stoppered and 
allowed to stand in a dark place for the requisite time ; 
loss of iodine by \’olatilisation may be guarded against 
by moistening the stopper with potassftim iodide solu- 
tion. The time required for complete absorption varies 
from halian hour in the case of solid fats to two hours 
in the case of drying oils. , 

The estimation of the excess of iodine chloride is carjried 
out as follows : 20 c.c. of potassium iodide solution and 
about 300 c.c. of water are added ; the mixturg is then 
titrated with the standard sodium thiosulphate solufion, 
§haking occasionally, in order that the ibdine may be 
extracted from the lower layer of carbon tetraqjiloride ; 
a little starch solution may be added toward% the end 
of the titration,* but not before the colour has been 
reduced to a very faint yellow. The rfiiffertnce in the 
number of c.c. of thiosulphate solution required in the 
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Wank test and in the actual determin»tk)ft is then calcu- 
lated to express the^ percentage prdportion of iodine 
absorbed by the fat. * (The molecule of iodine chloride, 
I Cl, is chemically eqfui valent to the molecjile of iodine 
Ij, in the interactions involved in the process.) 

^ The determination of the iodine value is of great 
importance as a method of characterising the fatty oils 
and fats. Owing to the comparatively low melting 
points of the glycerides of the unsaturated acids, there 
is a general tendency fbr oils and fats with high iodine 
values to possess lower melting poii^s and softer con- 
sistencies than those with lower iodine values. This rule 
is, of course, sofnetimes modified by the nature of the 
saturated acid radicles, an extreme case in point being 
that of coconut oil, which contains an unusually large 
proportion of saturated acid radicles of comparatively 
low molecular weight, ami therefore possesses a rather low 
melting point in spite of its exceptionally low iodine value. 

As was pointed out above, the drying power of oils 
and fats is, gefterally speaking, directly proportionate 
to fhe iodine value. This property of absorbing oxygen 
on exposure to air at the ordinary temperature or on 
“ blowing ” with air at elevated temperatures, with the 
formation of more or less viscous products, finds exten- 
sive technical application. Thus linseed oil (note the 
high iodine value), especially after it has been treated 
wifh lead and manganese oxides at about 150®, readily 
dries to a tou'feh skin when exposed to air in thin layers, 
and is on this account extensively used in the manu- 
facture of paint and linoleum. Other oils, such as cotton 
seed and rape seed oils, are'often blowm with air at about 
150® in ader to increase their viscosity for use as 
lubricants when mixed with mineral oils. 
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The diminuti«)if of the iodine values of cotton seed 6r 
rape seed oils on treatment with a|Currefit of air at about 
120°, may easily be domonstratbd b^ a small laboratory 
experiment* • ^ 

Examples of the application of the results of iodine 
valiui determination^in the identification of the* oils ajjd 
fats, and the qualitafive and approximate' quantitative 
analysis of mixtures, will be found hclow. (See p. 150 
ct seg.) 

Saponification lvalue . — The saponificatioi? value ex- 
presses the number of m^ligrams of potassium hydroxide 
required for the complete saponification of i gram of 
the ffiLt. It is thus, in the case of pure fats, inversely 
proportional to the mean molecular weight of the acid 
radicles present, niort* alkali being required to saponify 
a given weight of^at consisting ^f acid radich^s of low 
molecular weight combined \^th the glycerol residue 
than an equal weight of fat containing adid radicles of 
higher molecular weight. On this account, the saponi- 
fication value affords a means of identi/ying or detecting 
certain fatty oils and fats, ajid, at the same time, of 
detectin| admixed iinsaponifiable matter, such as paraffin, 
the presence of which ^wiM obviously tend to give an 
abnormally low value. 

From the following description of the process for 
determining the saponification value it will be icenjtbat 
some of the potash used iq the detg-mination will go to 
•neutralise any free fatty acids which the fat may contain. 
If the amount of free fatty acids should be coiisiderabie 
(see below, und^r " Acid Vajue ”), then the saponifica- 
tion value found should be* corrected to g!ve the true 
" Ester Value ” of the fat, by subtracting tfie weight of 
free fatty acids from that of the fat taken and the weight 



132 |ndustfial Organic Analysis 

df potash required for the neutralisatioh of the acids 
from the weighttof th§ potksh used up ‘in the determina- 
tion. Similarly, i^ tlie case of notate ,quantities of 
added unsaponifiablcf matter being presentr the weight 
of the latter, if estimated,^ may be subtracted from the 
Nugeight of the sample used in the determination in prder 
to arrive at the saponification value of the fat present 
in the mixture. The actual details of these calculations 
will be obvious from, what is said below on the calcula- 
tion of the«saponificatioh and acid values. 

For the determination of the saponification value the 
following solutions will be required : — 

Alcoholic Causlic Potash Solution. — ^35 to 40 grams of 
potassium hydroxide, purified by alcohol, are dissolved 
in about 40 c.c. of water, and made up to 1,000 c.c. with 
96 per cent, alcohol ;,the latter should be tested before 
use by boiling a few c.ti. with an eqyal bulk of con- 
centrated caustic alkali solution, whereupon only a very 
faint yellow coloration should be produced. The admix- 
ture^ of the aqueous potash and the alcohol may be 
facilitated by shaking qnd warming. After standing 
for a day, the clear liquor is decanted or filtered from 
any sediment which may haj^e been deposited, and pre- 
ser^ied in a bottle furnished with a well-fitting rubber 
stopper, so that it will be kept out of contact with 
atpiosplveric carbon dioxide. The solution should only 
become light yellow, on prolopged standing if the alcohol 
used in its preparation was sufficiently pure ; otherwise 
it may turn dark brown. 

Standard Hydrochloric Acid of half Normal Strength.-- 
In the determination 1*5 to 2 grams of the fat are weighed 
into a 200 t.c. resistance glass conical flask, and 25 c.c. 
of the alcoholic potash solution afe added from a pipette. 
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At the same tiift^ a blank test is started, 25 c.c. of the 
same solution being measured in^ a sifiiilar flask, from 
the same pipette, in exactly the*sam 5 way ; this portion 
is to be treated in exactly the sanfb way as the portions 
containir% fat, in order that errors owing to absorption 
of carbon dioxide, a»^ other causes, may be eliminated. 
1 he flasks are fitted with simple tube condensers, about 
12 inches long, by means of rubber stoppers, and the 
contents are kept gently boiling on a water bath, and 
carefully agitated from time to time in ordf?r to hasten 
the saponificatiofi. This part of the process will be 
complete when a clear, homogeneous liquid, free from 
particles of fat, has been obtained, the time usually 
taken being from twenty minutes to half an hour ; if, 
however, the presence of appreciable amounts of un- 
saponifiable matt^ is suspected# the boiling may be 
prolonged som«what, the mixture being frequently 
agitated in order to prevent the occlusion oT unsaponified 
fat. The amount of potash left over from each of the 
saponifications, as well as that in the blank test, i%now 
estimated by titrating the hot solutions with semi-normal 
hydrochloric acid, adding i c.c. of a i per cent, alcoholic 
solution of phenol phthgleiti in each case ; if the saponi- 
fication products should have set to a jelly, owing to 
loss of alcohol, a sufficient quantity of warm alcohol 
previously neutralised towards phenol phthalein, to^give 
a clear solution, should be.added. 

From the difference in the titers in the blank test and 
in the actual test the number of milligrams of potash 
required to sajjonify i grajn of the sampit may be 
arrived at by a simple calculation. 

Examples of the application of the*resulfs of saponi- 
fication value determinations in the identification of oils 
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afid fats, and the analysis of mixtui^^ will be given 
below. (See p. f5o et^eq.) 

Besides furnishing a useful constant for the identifica- 
tion or detection of certain oils and fats, thtf saponifica- 
tion value determination often admits of the Hetection 
of^un saponifiable matter, which, if present in appreciable 
quantity, will be seen as an immiscible liquid or insoluble 
solid on diluting the neutralised saponification product 
with distilled water ; .an^ soap which may separate out 
at tills stage will redissolvc on warruing. If, however, 
it is desired to examine the unsaponifiable matter, the 
saponification must be repeated on a larger scale. (See 
below, under “ Unsaponifiabic Matter.'’) • 

The Rcicheri-Mcissl, Polenske, and Kirschner Values , — 
These methods include the estimation and examination 
of the volatile acids obtained from /:ertain fats under 
standard conditions. Practically all the common oils 
and fats, witfi the exception of butter fat, coconut oil, 
and palm kernel oil, yield only small amounts of volatile 
acid^ in these processes, which are thus particularly 
adapted for the examination of these three fats, and 
their detection and estimation in mixtures.^ Other 
methods of dealing with this problem have been devised, 
but <:hose described arc the best established, both as 
regards working details and published results. The 
foUojving' directions must be carefully followed : — 

Five grams qf the Tat are weighed into a 300 c.c. flask 
(see Fig. 14) together with 20 grams of glycerine. To* 
the mixture are added 2 c.c. of caustic soda solution, 
which ha^been made by dissolving pure, soda in an equal 
weight of w 4 ter, and allowing to settle, due precautions 

'Bolton, Richmond and Revis, Analyst, iqii, 36, 333, and 
191a, 37, 183. 
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being taken ag^ifit absorption of carbon dioxide. The 



* Fig. 14. — Polenske Apparatus. 


flask is heated over a naked flame, shaking constantly 
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* * # 

until the fat has been saponified, i.€.f when the liquid 

is clear and homtgeneous ; A)verheating must be avoided. 
After gDoling for about two minutes, igo p.c. of boiled 
distilled water are added and the soap dissolved. o-i 
gram of powdered pumice (sifted through buftesr muslin) 
is added, and then 40 c.c. of dilut^ sulphuric acid con- 
taining 25 c.c. of concentrated acfd per litre, 35 c.c. of 
which should neutralise 2 c.c. of the strong soda solution. 
The flask is connected up without delay, as shown in 
the diagraijt, the appaftatus being ^of the type and 
dimensions indicated. At first a smidV flame is used to 
melt the acids, the flask being shaken occasionally ; 
then the flame is So adjusted that no c.c. of liqui4 will 
l!^e distilled over in eighteen to twenty minutes ; at the 
s^e time the flow of water must be so regulated that 
it leaves the condenser at a temperature of 18° to 20°. 
The flame is removed immediately th^ no c.c. have 
distill/.d over, .and the flask with the distillate is stood 
in wa er at 10°, a small cjdinder being put in its place 
to catch the drops from the condenser. After fifteen 

minufcs the state of the insoluble acids is noted, the dis- 

• 

tilla e is filtered, and 100 c.c. of the filtrate are 'titrated 
wit) decinormal baryta, using,o-2 c.c. of a half per cent, 
sob tion of phenol phthalein as indicator. The number 
of c.c. used plus 10 per cent., and less the value obtained 

in a blank test, is the Reichert-Meissl value. The blank 

• ® 

test jhst alluded to is carried out with all the reagents, 
as just described, but without the fat ; the glycerine and » 
soda mixture should be heated exactly as in the actual 
test and n9,t more. 

Eighteen cc. of water are poured through the con- 
denser, caught in the cylinder, poured into the no c.c. 
flask, shaken and then poured on to the filter and 
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« 

rejected when filtered. Three portions of 20 c.c. 0 i 
alcohol, neutralised to phenol*pht^alein,*are then passed 
the same way, collected and titrated in the sante way 
as the solution of the water soluWe acids, the number 
of c.c. u^d, less the blank value, being the Polenske 
valu®. , 

The Kirschner value is determined as follows : To 
100 c.c. of the neutralised solution of the water soluble 
acids obtained in the foregoing distillation process is 
added 0*5 gram of^nely powdered silver sulphate, and 
the mixture is l<?ft for jin hour, shaking occasionally. 
The precipitated silver soaps are then filtered off, and 
100 c,c. of the filtrate are placed in a flask similar to 
that used in the previous distillation, with 35 c.c. of 
boiled distilled water, 10 c.c. of the dilute sulphuric 
acid, and a few in^es of aluminiym wire, no c.c. are 
distilled over exactly as deserfbed above, and 100 c.c. 
of the distillate are titrated with decinbrmal baryta 
solution. If the number of c.c. used, less the blank 
value ~iV, and the number of c.c. of alkali solution jused 

in the Reichert-Mcissl titration = M, then 

« 

1*21 (100 + M) 

The Kirschner yalae-N ^ 

The application of the above processes to the exami- 
nation of butter and the estimation of butter, palm 
kernel and coconut oils ip mixtures, is dealt with on 
•pp. 160 and 166. It will be understood that accurate 
results can only be obtained by working under .standard 
conditions. It may be explained that butter fa^ is unique 
in yielding a large proportion of soluble volatile acids 
of which the major portion is butyric acid. <Jsual limits 
are 26 to 33, and an aibitrary lower limit of 24 has been 
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fixed for control purposes in England.* Butters giving 
values below tMs limjt slibuld at any rate be regarded 
with suspicion, but^it must also be remembered that the 
values may be influenced by the particularrfeeding and 
treatment of the cows. The Kirschner proccs^is practi- 
cally an estimation of butyric acid„silver butyrate being 
more soluble, and the silver salts of the higher soluble 
acids less soluble than silver sulphate. This process will 
probably prove superior to the Reichert -Meissl process 
for the analysis and the ‘estimation ol^butter in mixtures. 
Palm kernel and coconut oils are distiftgiiished by yield- 
ing high Polenske values depending on the presence of 
caprylic, capric, fauric, and myristic acids. Usual.limits 
arc 8 to iO'5 for palm kernel and 15 to 18 for coconut 
oil. The volatile insoluble acids from the former are 
solid, and from the Isjiter liquid. Ojher similar though 
less common oils, such Cohune and Babassu,^ give 
appreciable Polenske values. Palm kernel oil usually 
gives Reichert -Meissl values from 4-5 to 6-5, and coconut 
oil from 0*5 to *8-5 ; as the corresponding Kirschner 
values arc in the neighboig-hood of i and 1-5 respectively, 
it will be seen that the estimation of butyric acid by the 
Kirschner process affords a »ha^per distinction between 
palnj kernel and coconut oils on the one hand and butter 
fat on the other. Butter fat also gives small Polenske 
values raging from i*6 to 3-5, wliich should be roughly 
in proportion to tb^ Reichcij-Meissl values (Polenske ’s 
“ new butter value ”). Other edible oils and fats give' 
values which usually lie between o*i and 0*3, so that the 
distinction here is quite sharp. ^ 

Acid Valne. — ^The acid value is the number of milli- 


* Bolton and Hewer, Analyst, 1917, 42, 35. 
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grams of potassitift hydroxide required to neutralise the 
free fatty acids contained in \ gr|m of%he oil or fat. 

For the determination a convenient quantity, say, 
20 grams the oil or fat, are v\^ighed off in a flask 
and treattid with 50 c.c. of methylated spirit which has 
previously been neutralised with sodium hydroxide 
solution, using phenol phthalein as indicator. The 
mixture is heated to boiling and kept well shaken while 
it is quickly titrated with dccinorrpal sodium hydroxide 
solution, in preseqpe of phenol* phthalein as indicator. 
On standing for if short \^’hilc the pink colour indicating 
the end point of the titration will disappear, partly 
owing to absorption of carbon dioxi'de from the air, 
and partly owing to the saponification of the fat ; the 
titration should, of course, not be continued on this 
account. If 20 gi^ims of fat hav^ been used, then the 
number of cubic centimetres 6f decinormal soda used, 
multiplied by 0-280, gives the acid value? It is some- 
times the custom to calculate the percentage of free 
fatty acids expressed as oleic acid ; tins figure m^ be 
obtained by multiplying thc^cid value by 0-5. If it 
should 6e necessary to correct the saponification value 
to give the ester value.ot the fat, eliminating the effect 
of the free fatty acids (see p. 131), then the weight of free 
fatty acids, expressed as oleic acid, in the sample taken 
for the saponification value determination may*)bc calcu- 
lated and deducted in or^er to fiyd the weight of fat 
* actually taken, and the weight of potash required to 
neutralise the acids present deducted from .the total 
amount of potagh required t.o saponify the saenple ; the 
correction will, however, be unnecessary, unless the per- 
centage of fatty acids be large. In the ca!fe of coconut 
and palm kernel oils, the free fatty acids are sometimes 
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calculated to lauric acid, to find the ptrtehtage of which 
the acid value multiplie'd by 0-357. This percentage 
can also be obtained by dividing the number of c.c. of 
soda by ten, if 20 gfams of fat are taken. c The Kott- 
storfer value expresses the number of cubic centimetres of 
normal sodium hydroxide solution required to neutralise 
the free fatty acids in 100 grams of fat. 

As mentioned above, crude vegetable oils and fats 
almost invariably contain appreciable quantities of free 
fatty acid»*; thus, a sample of crude coconut oil will 
probably be found to have an acid t'alue lying some- 
where between 5 and 20, while a sample of the same fat 
which has been refined for edible purposes will show an 
acid value of less than 0-3. Oils and fats which are to 
be used as lubricants must not contain large proportions 
of free fatty acids, a% these would ^t on the bearings 
to form metallic soaps Vhich would Qxert a clogging 
effect. The acid values of such oils and fats should in 
any case lie well under 3, while in many cases it may be 
well to insist on an acid value not exceeding i. 

As regards edible fats, ^t is difficult to lay down any 
hard and fast limit for the permissible acid vAue, but 
experience shows that good vegetable oils and fats which 
hav^ been refined by treatment with alkali and deodo- 
rised by steam nearly always have acid values under 0-3, 
sorpetimas considerably lower. In animal fats acid 
values up to i-o are generally, not regarded as being too 
high ; the natural free fatty acids are not removed from* 
animal fats, and are much smaller in amount than in 
the vegetcble products. Ip the cold ^wn vegetable 
oils (^.g., arachis or ground nut and olive oil may be so 
treated), which are usually of very good quality, a larger 
percentage of natural free fatty aci'ds is not objectionable, 
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acid values of at»any rate up to 3*0 being quite pes* 
missible. 

Separation ^ and Examination dJu Unsapottifiable 
Matter ^Vi^deT this heading will b^described the method 
for isolating and examining the unsaponifiablc matter 
whicji is a normal constituent of the fatty oils and fats. 
The detection and estimation of foreign unsaponifiablc 
matter, such as paraffin wa5c, will be treated of later. 

Salomon ^ found the unsaponifiablc matter in a number 
of oils and fats to vary from 0-26 per cent. in.the case of 
almond oil to 1-37 per cent, in the case of sesame loil. 
The characteristic substances arc usually two complex 
alcohols ; cholesterol in the case of Minimal fats, and 
phytosterol in the case of vegetable fats. These alcohols, 
which are generally examined in the form of their acetates 
(Bomer's phytosteryl acetate test)^, do not always consti- 
tute the whole of*the unsaponifiablc matter. Kloster- 
mann and Opitz * found the percentage of phytosterol to 
vary from 0*133 in olive oil to 0*549 in sesame oil (cf. the 
figures just quoted). Salomon (loc. cit.) found the melt- 
ing points of samples of phytosteryl acetates from various 
vegetabJe fats to lie between 124® and 129®, and chole- 
steryl acetates from varioys animal fats to lie between 
1 13® and 1 14®. Regaring the unsaponifiablc matter of 
hardened oils, see p. 145. As a rule the natural unsaponi- 
fiable matter is only examined qualitatively, though a 
liigh content of such matter serves to characterise cert ain 
• fats, such as mowrah fat and shea butteri 

It may also be mentioned that the waxes, which 
consist of esters of higher insoluble alcohols, yield from 

* Chem. Zentrlbl. 1914, i, 854, abs. Analyst, igl^4, 39, 310. 

•Zeitschr. fftr Nahr. u. Genussmittel, ^914, ^^8, 138, abt. 
Analyst, 1916, 41,^317. 
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35 to 55 per cent, of “ unsaponifiableiiiiatter," owing to 
the fact that thfcse aljohoBs, which take the place of the 
soluble glycerol in ttie oils and fats, are obtained together 
with the unsaponifiaWe matter proper, which in this case 
consists mainly of higher hydrocarbons. Salomon [loc, 
cit) found in wool fat which belor^gs to the waxes, 51-6 
per cent, of unsaponifiable matter of which 57 per cent, 
was not precipitated by digit onin. (See below.) 

Phytosteryl Acetak Test . — This test depends on the 
fact that tlie melting f)oint of phytosteryl acetate lies 
softie 10° above that of cholesteryl acetate, and that the 
melting point of the latter is raised by the presence of 
the former. It b, therefore, possible to apply tl;e test 
to the detection ot the adulteration of animal fats such as 
butter fat or lard, with vegetable fats, as, for example, 
cotton seed oil, coconut oil, etc. ^ 

Various methods are •available for t^ie separation of 
the unsaponifiable matter. The oldest method, which 
need not be employed unless for any reason it is desired 
to separate the total unsaponifiable matter, consists in 
saponifying the fat, dissolving the soap in a sufficient 
quantity of water, extracting the solution with ether, 
washing the several ethereal extracts with water and 
evaporating the ether, or, alternatively, the dry soap] 
mixed with sand, may be extracted with petroleum 
ether. ^Sec p. 144.) 

llie digitonin method, yhich was originated by 
Windaus, is the simplest and best method for the present* 
purpose,^ if digitonin is available, which may not be the 
case for 4iome time to come. It depends on the fact 
that cholesterol and phytosterol form insoluble com- 
pounds with this* product of digitalis. The presence of 
paraffin wax or mineral oils doe^ not interfere with the 
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process ; good reiults are obtained with blown " or 
oxidised oils, and the acetates may b® separated in a 
state of purity more readily than ^)y .the other methods. 
Marcusson ^nd Schilling ^ operate |s described below on 
the fat iteelf, but Klostermann and Opitz * recommend 
that^the fatty acids should be used in the case of vege- 
lablc fats, the reasoh being that while cholesterol is 
present as such in the animal fats, most of the phyto- 
sterol is present in the form of esters in the vegetable 
fats, and must be liberated b>'*saponificatitjn before it 
will combine with cligitonin. Fifty grains of the melted 
fat or of the fatty acids obtained as described on p, 120 
are shaken for fifteen minutes with 20 c*.c. ol a i per cent, 
solution of digit onin in 96 per cent, alcohol and allowed 
to stand in a warm place for several hours. The precipi- 
tate is st‘j)arated as completely as possible by filtration 
and washed with ether till free® from fatty matter ; it is 
then heated for thirty minutes in a test-tube with 1*5 c.c. 
of acetic anhydride and the acetates which separate on 
cooling arc examined as described below (p. 144). 

Bolton and Revis recommend the following m^hod 
by which practically all the unsaponifiable matter is 
separated : — Fifty grams pf the filtered fat arc boiled 
with two successive portions of 75 c.c. of 95 per cent, 
alcohol, which are poured off after cooling, mixed, and 
evaporated in a tared flask. The amount of fat present 
is roughly determined and saponified by two graifts* of 
• caustic soda and 50 c.c. of alcohol per^ grams. The 
soap is washed out into a porcelain basin and evaporated, 
stirring occasionally. When practically all tjpie alcohol 

^ Chem. Zeit. 1913. 37, looi, abs. Analyst, 191^, 38, 458. 

*Zeit3chr. fiir Nahr. u. Gcnussnuttcl, €914. %7, 713, abs. 
Analyst, 1914, 39, 310. 
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* * 

Ijas been evaporated, twice as much spt^^um bicarbonate 

as caustic soda ijsed is added together with two spoonfuls 
of fin^ sand ; the gibkure is stirred, evaporated to dry- 
ness, thoroughly gre^und and dried in the water oven, 
and then extracted for three to four hours (see p. 87) 
with petroleum ether, which must be perfectly free from 
residue. The unsaponifiable mafter is obtained by 
evaporating the solvent. 

The small amount of unsaponifiable matter is acet y- 
lated as described under the digitonin method. Bolton 
and Re vis acetylate with 2 to 3 c.c. of acetic anhydride 
in a well-stoppered one ounce bottle, tying down the 
stopper and heating in boiling water for fifteen to thirty 
minutes. They transfer the material in this and sub- 
sequent instances by dissolving in and rinsing the vessel 
(or filter) with small quantities of boiling absolute alcohol 
which are subsequently evaporated. If the cooled acety- 
lation mixture is not clear, paraffin wax or mineral oil 
will be present, in which case the mixture must be 
treated according to Polcnske's method, or the results 
will'be vitiated. Lewkowitsch found it possible to detect 
paraffin wax amounting to 10 per cent, of the unsaponi- 
fiable matter as an oily drop floating on the acetic 
anhydride during acetylation. The acetic anhydride 
is dfistilled off by heating the bottle in an oil bath at 
140® to 150®. Unless the unsaponifiable matter was 
separated by means of digitonin, the solution of the 
acetates in absolute alcohol may be coloured, in which 
case it should be heated in the bottle as before with a 
little finely powdered recently ignited animal charcoal 
till colourless. The acetates are repeatedly crystallised 
from the smallest possible quantity of 95 per cent, 
alcohol and the melting point (corrected, see p. 82) taken 
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of each crop. The erystals may conveniently be filtered • 
by suction, using a very small button as filter disc in a 
*small funnel. The crystals are wasHed^with a few drops 
of cold 95 pei^cent. alcohol and dried on a porous plate 
each time. • Typical results for pure animal and vege- 
table ojls arc quoted qn p. 141. The melting point of^ 
phytosteryl acetate froih some vegetable oils may, how- 
ever, be as high as 133®. If the digitonin method is not 
used, it may be necessary to recrvstallise five or six 
times. The process need not tfe repeated >hen no 
appreciable rise is# obtained between two successive 
crystallisations. With the digitonin method the maxi- 
mum melting point is usually reached after the first or 
second crystallisation ; the following table shows results 
obtained by the writer with this method. It is generally 
agreed that if a melting point of 115° or 116® is not 
exceeded on repe^te 3 crystallisaiton, vegetable fats will 
be absent. If, however, a progressive luad distinct 
increase is obtained above 114°, vegetable fats will be 
present. 




— 

jb 


Acetateb from 


Once crystallised. 

Twice crystaltoed. 

Melting point *C. 

Melting point *C. 

Melting point *C. 

iSIargarine with 50 




per cent, of animal 
fats 

123-5-125 

127-5—128 


Margarine with 20 




per cent, of animal 

• 

• - 


• fats 

123-5-125 

127 —127-^ 

— 

Margarine of un- 




known composition 
Margarine of un- 

129 — 131 

131-5—132 

• ■ 

127-^—129 

known composition 

in (about) « 

127 — 129 

Hardened whale oil, 



• 

iodine value 6*7 . 
Cotton seed oil 

III —113 

121 (about) 

113 (sharp) 
127 — 128 

if 7 ‘ 5 ~i 28-5 


A.I.A. IQ 
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• The converse of the above proces&j i,e., the detection 
of animal fats in the pre^nce of vegetable fats, may be 
carried out by Windaus’ method.^ The method is a 
laborious one and r<equires very careful working. 

The Identification of Fatty Oils and Fats, and 
THE Analysis of FAr/Y Mixtures. 

Examples of the application of the analytical methods 
described above, together with special tests by which 
certain oifs and fats may be recognised or estimated, 
will be given under this heading. The analysis of fatty 
mixtures may in many cases be a matter of extreme 
difficulty, requiring considerable experience in this 
branch of analytical chemistry ; tlic examples given 
below will only include comparatively simple cases of 
the detection of adulterations which have been known to 
occur in actual practiccV ; only a limited number of the 
fatty oils and fats will be dealt with, while the analytical 
processes described in this cliaptcr are by no means 
completely representative of the means available to the 
expert. In the table on p. 148 will be found a list of 
some of the more important fatty oils and fatsi together 
with their physical and chemical constants, which may 
be determined by methods already described. 

In the first place, the determination of the acid value 
and the saponification value or the unsaponifiable matter 
will showhowfar the sample consists of neutral glycerides. 
The specific gravity, which will generally only be deter- 
mined in the case of the liquid oils, will not aflord much 
definite information ; in some cases abnormal values may 
give useful indications of adulterants to be looked for, 

^ Chem. 1906, XXX, loix. Sse tlso Lewkowitsch’s 

treatise. ' 
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or conirmation pl^onclusions arrived at by other mean§. 
The determination of the igdine value and refractive 
index, on the other hand, is of gifiat^iise in the analysis 
of mixture^ owing to the considerable, variations in this 
constant jvith the different oils and fats. As regards the 
saponification value, it will be noticed that the majority 
of the oils and fats fiftve values lying in the neighboifr- 
hood of 190 ; rape, castor, and tod liver oils will be seen 
to be characterised by lower, and butter fat and coconut 
and palm kernel oils by higher, 'values, ^'or reasons 
already pointed samples having high saponification 
values should be examined by the Reichert -Wollny pro- 
cess for volatile acids. The limitations of the use of the 
determination of the melting points of oils and fats for 
their identification has already been pointed out. Re- 
garding the methods for examining the insoluble fatty 
acids, tlic titer to<?t may oftembe of great value, while 
the determination of th(‘ iodine values of tjie fatty acids 
may be resorted to when the original sample contains 
large quantities of added unsaponifiaiijlc matter from 
which it cannot be separated. • 

In addition to the chemical Wl physical methods, tlie 
taste and smell, especially^ on warming, of the sample, 
may afford useful inefleations. Even the non-expert 
may in some cases be guided by these methods, as, for 
example, in the detection of fish oils, especially if com- 
parison be- made with genuine samples. Matters ^ay 
• sometimes be simplified for the analyst bjp considerations 
of relative cost ; thus, if a sample purporting to consist 
of a certain kind of oil or fat appears not to b^ genuine, 
it is obvious that the adulterant or substityte will only 
consist of a material which is cheaper aj^ the ruling 
market prices. 
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The Detection^ and Estin%ation of Adulterants in Olive 
Oj 7 —Of the possible l.dulterants of olive oil, the follow- 
ing will be considered: cotton seed oil, sesame oil, 
arachis oil and rape seed oil. 

Ex. I. Cotton Seed Oil in Olive Oil. — On reference to 
the list of iodine values in the tijBle, it will be nbticed 
that olive oil possesses a lower iodine value than any of 
the adulterants named above. Although, in exceptional 
cases, perfectly genuine samples of olive oil have been 
known to*give iodine values above 90, yet a sample 
showing an iodine value above the limits givtm in the 
tabh' ^hould b(‘ regarded with suspicion. 

Cotton seed oil is best detected in presence of other 
oils and fats by Gastaldi's modification of the Halphen 
tcsO Inve c.c. of the oil are heated for four to five 
minutes over a naked t^ame in a teit tube with five to 
six drops of^a i per cent, solution of sulphur in carbon 
disulphide and three to four drops of pyridine, taking 
care that the temperature docs not exceed 140®. A red 
colour is produced in the presence of cotton seed oil or 
cotton seed stearine. If the tube is heated in a boiling 
brine bath at no®, the colour does not appear so soon, 
but danger of overheating* is* avoided ; this method 
contends itself for routine practice. The original Hal- 
phen method, in which amyl alcohol is used instead of 
pyiddin^, is less delicate. As little as 0*25 per cent, of 
cotton seed oU ma>’*be detected by means of the modified 
test, by a yellowish rose colour. A faint reaction should 
therefoib not be interpreted as a wilful adulteration in 
the absence of other end^ce ; sometimes slight unin- 
tentional adulterations may occur through the use of 
the same presses and vessels for successive batches of 

^ Ann. Chim. AppUc , 1914, 2. 203, abs. Analyst, 1915, 40, 15. 
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different oils ih tfie refineries. It may be mentioned 
that cotton seed oil which hdfe bejn heated above .200® 
does not respond to the above test. 

The only Mother oil which gives •a coloration in the 
Ilalphen-Gastaldi test is kapok oil, an oil which re- 
sembles cotton seed ®il in most respects. The two oils 
may be distinguished by means of Milliau's modification 
of Becchts test as follows : Fifteen c.c. of the oil are 
saponified by heating in a dish on, the water bath with 
a solution of 5 gratis of caustic soda in 10 c!c. of water 
and 200 c.c. of alcOhol. The soap is dissolved in 200 c.c. 
of boiling water, and the solution boiled to expel all the 
alcohgl. The fatty acids are precipitated by a slight 
excess of dilute sulphuric acid, skimmed off, and then 
shaken with two successive portions of 15 c.c. of cold 
distilled water. TJie water is drained off, and the acids 
dried rapidly :it*io5®. Five c.<f. of the acids are shaken 
with 5 c.c. of a I per cent, solution of silver nitrate in 
absolute alcohol. Cotton seed oil acids will develop a 
very slight brown colour, kapok oil acids a dark coffee 
colour. One per cent, of kapgk oil may be detected in 
mixtures by this test. 

If a positive reactioy fir cotton seed oil has been 
obtained, the extent of the adulteration may be appjjoxi- 
mately calculated from the iodine value of the sample 
as follows : Supposing the iodine value found to be 93. 
Then, taking the average .iodine v^ues of cotton seed 
'and olive oils as 106 and 83 respectively, let x equal the 
percentage of cotton seed oil in the sample. 


100 -X • 106 

Then — ^ 83 + — x 

100 100 


93 * 


Whence x - from 40 to 45 per cent. 
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• Similar indications would be affordfed by the refractive 
index. 

It •will be obsAved that the difference between the 
saponification values of the two oils is n^t sufficiently 
great to afford a means for detecting the zEdulterant ; 
Jhis would also be the case if any of the possible adul- 
terants mentioned above, with tfie exception of rape oil, 
were present. Confirmation of the presence of cotton 
seed oil might pos^bly be obtained from a somewhat 
high specihe gravity and titer test, or melting point of 
the fatty acids, though the latter figufes would not afford 
any basis for quantitative calculations. 

Ex. 2, Sesame Oil in Olive Oil . — If the sample shows 
a higher iodine value than would be expected from 
genuine olive oil, and gives a negative test for cotton 
seed oil, then sesanje oil should b^ tested for by the 
Baudouin test as follo\^s : 10 c.c. of Wie oil are treated 
with 10 c.c? of concentrated hydrochloric acid and two 
drops of a 2 per cent, solution of furfuraldehyde, or 
10 c.c. of concentrated hydrochloric acid in which o*i 
gram of powdered cane, sugar has been dissolved ; the 
mixture is shaken vigorously for one minute, and then 
allowed to stand to separate ; ^n the presence of sesame 
oil^the aqueous layer will be coloured a strong crimson. 

This reaction allows of the detection of small quanti- 
ties of .sesame oil in mixtures, and is one of the most 
reliable of the colqur reactipns applied to oils and fats. 
For these reasons, the addition of sesame oil to margarinfe 
has be^ made compulsory in Germany and other coun- 
tries, ini order to provide^a ready means of recognising 
this article of food. As ^me of the colouring matters 
' used in margarine or butter produce a red coloration 
with concentrated hydrochlorii acid, it is necessary. 
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when testing for^esame oil in these, to wash the sample 
two or three times with tlfe c(jicentrated acid before 
applying thei actual test, or to compare the colour with 
that prodiJCed by hydrochloric aoid alone. 

The proportion of sesame oil present in olive oil may 
be roughly calculated from the iodine value of the sample 
and the iodine values of sesame and olive oils, as shown 
in Ex. I. 

Ex. 3. Arachis Oil^ in Oliv§ Oil . — If the sample 
shows a somewhat high iodine value and gives negative 
Halphen and Bahdouin tests, arachis oil should be tested 
for by Bellier’s test, which, in common with the other 
tests described under this heading, is based on the fact 
that arachis oil is distinguished by containing appreciable 
amounts of glycerides of fatty acids which are less soluble 
than stearic anc^ other acids generally obtained from 
oils and fats. •Bellier’s test fhmishes indications which 
should be confirmed by examination o^the sparingly 
soluble acids obtained by one of the other methods, 
having due regard to their several limitations whi^h are 
mentioned below. In dealing with such mixtures of solid 
fats as do not admit of quantitative analysis (see p.. 157), 
the writer has found J^eis and Roth’s test useful. 

BeUier*s Test for Arachis Of 7 .— The modification»given 
here is that adopted by Evers,* who has critically 
examined this and the following method in their various 
modifications. One c.c. of the ojj is mixed in a flask 
with 5 c.c. of a solution made by dissolving 80 grams of 
pure potash in 80 c.c. of water and making up to a litre 

• 

* Known variously as “ ground nut oil,” “ eart](^ nut oil,” ” nut 
oil ” or ” pea nut oil.” ^ 

^Analyst, 1912, 37, 487. References are given here to the 
literature of the subject. 
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with 90 per cent, alcohol ; it is saponified by 
heating on the water bafh for four minutes under a' 
reflux •condenser. •After adding 1*5 c.c. pf acetic acid 
(one vol. glacial acicWto two vols. water) ai#d 50 c.c. of 
70 per cent, alcohol (100 c.c. of 90 per cent, alcohol 
tg 31 c.c. of water), the mixture is shaken and, if 
necessary, warmed till clear ; it is then cooled to I5‘5° 
and kept at this temperature for five minutes. A dis- 
tinct turbidity will ^^e obtained in the presence of as 
little as 5 per cent, of arachis oil. Ap approximate idea 
of the amount of arachis oil present may be got by 
immersing the flask in cold water, shaking continuously, 
and noting the temperature at which turbidity appears. 
It is best to warm just sufficiently to clear when this 
happens, and then to cool again, taking the second 
turbidity temperature as the one on^which to base the 
estimation. Evers quotas the following^ table by Franz 
and Adler, for use in this connection : — 


Composition of Oil. 

Turbidity 

Temperature. 

Olive oil 


11.8—14.3 

,, 

with 5 per cent, articliis 

15-8— 17-0 

,1 

„ 10 


19-8 

,, 

20 


257 

•m 

• 30 


29*2 



• 1 1 ^ 1 • 

31-5 



ff 

33-8 


• M 60 

A> 

35-3 

fP 

70 

»» 

36*6 


„• 80 

f9 Pf • 

38-0 


0 

o^ 


39*3 

Arachis 

oil . 


40-0 — 40-8 
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The presence of solid animal or vegetable fats, other 
than coconut or palm kemef oiiS| will give rise to the 
formation of .a precipitate which wbuld mask the test 
for arachis ftil. 

Estimation of Arachis Oil . — The process described here 
is due to Evers (loc. aitf ) ; it is a development of Renarti’s 
original process and Archbutt’s modifications thereof. 
Five grams of the oil are saponified by heating for five 
minutes in a flask under a reflux condenser with 25 c.c. 
of the alcoholic potash solution used in the previous 
test. The hot s(Tap solution is treated with 7*5 c.c. of 
the dilute acetic acid used in the previous t(;st, and 
100 c.c. of 70 per cent, alcohol containing one per 
cent, (by volume) of hydrochloric acid. The mixture 
is cooled to 12® — 14® for one hour and then filtered ; the 
precipitate is washed with the acid 70 per cent, alcohol, 
breaking it up occasionally with a loop of platinum wire, 
until the filtrate gives no turbidity witlT water. The 
washings must all be measured. The precipitate is dis- 
solved in 25 c.c. to 70 c.c., according to its bulk, of hot 
90 per cent, alcohol, and the solution is cooled to a fixed 
temperature between 15° and 20®, and, if crystals appear 
in any quantity, allo\^^d to stand at this temperature 
for one to three hours, then filtered and washed* first 
with a measured quantity of 90 per cent, alcohol (about 
half the amount used for the crystallisation), aud seepnd 
with 50 c.c. of 70 per cent, alcohpl. The crystals are 
washed by means pf warm ether into a weighed flask and 
weighed after distilling ofl the ether and drying at 100®. 

The melting point of the crystals is taken in the usual 
way. The process depends on the fact that arachis oil 
yields some 4 to sj per cent, of acids melfing from 71® 
73**. consisting chie’fly of arachidic acid, 
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lignoceric acid, CJ4H48O2, while otheV oils yield at the 
most only traces ofjthe& acids (see p. 109). If the 
meltifig point is btlow 71°, the material is recrystallised 
from 90 per cent, afcohol, noting the voluAe of solvent 
used in order that the necessary correction may be 
applied. If no crystals or onl^v* small quantities of 
crystals are obtained, sufficient water is added to dilute 
the alcohol to 70 per cent, strength (31 c.c. of water to 
100 c.c. of 90 per cent.^ alcohol), the solution warmed to 
clear if necessary, and cooled to a definite temperature 
between 17° and 19°. In either case crystallisation is 
allowed to proceed at this temperature for an hour, 
after which the crystals arc filtered off and washed with 
a measured quantity of 70 per cent, alcohol. If the 
melting point should still be below 71®, the material is 
recrystallised from a small quantity of 90 per cent, 
alcohol or again from 70 per cent, aloohol. The total 
quantities of these two solvents used throughout the 
whole process is noted, and the appropriate corrections 
made according to the following tables. The weight of 
acids multiplied by the appropriate factor given in the 
second table, due to Evers, will give the approximate 
percentage of arachis oil. ‘ 


« 

Weiglit of Acids 
obtained. 

Grams of Acids dissolved by loo c c. of 

90 % Alcohol at (Archbutt) 

• <graAs) 


. i7-5”C. 

20 “ c. 

0*1 or le^s . 

0*033 

0*039 

0*046 

0*3 . • . 

0'055 ^ 

0*064 

0*074 

0‘5 . '• 

0*064 

0*075 

0*085 

07 . • . 

0*069 

0*079 

0*090 

0*9 or more . 

0*071 

0*o8i 

0*091 
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« • 


• 

• 

Weight of acids after 
correction for solubility 
in 90 % alcohol. 

(grarrfs) 

Grams of acids dissolved by 
•100 ^.c. of 70 % alcohol. 


M.P. 72“. 

• 

M.P. 73°. 

0-02 or less 

o*oo6 

0*005 

0*004 

0*02— 0‘05 . . • . 

0*007 

0*006 

• 

0 

9 

6 

0-05 — o*o8 

0*009 

0*007 

0-005 

0‘o8 — 0*10 

0*011 

0*007 

0*006 

OTO or more . 

0*015 • 

0*008 • 

o*oo6 

Factor for converglbn of 




percentage of acids to 




arachis oil . 

17 

•20 

22 


In the presence of solid animal and vegetable fats, the 
test is not so satisfactory in its quantitative application, 
but may still be uSed qualitatively in cases where Bellier’s 
test breaks down ; according to Lewkowitsch, it is 
possible to estimate approximately arachis oil in lard 
by Renard's test. In such cases, however, it maybe 
necessary to recrystallise repeatedly from 90 per cent, 
alcohol before an arachidic acid melting over 70® is 
obtained, wliile a negative result cannot always be taken 
as evidence of the absence of arachis oil. * 

Arachis oil is very frequently used as an adulterant 
in olive oil ; as will be seen from the table on p. 145, 
the saponification value or specific gravity of the sample 
would not reveal the presence of this adulterant, while 
the difference between the iodine values of oHve and 
arachis oils is not very great. ^ 

Ex, 4. Arachis Oil or Hardened Arachis Oil in 
Mixtures wUh Ordinary or other Hardened OUs , — ^The 
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following test due to Kreis and Roth useful for testing 

for arachidic acid in such«mixtures containing Wd fats 
as do,not lend themselves to treatment by the processes 
described in the preceding example. Thf test itself, 
however, would not indicate whether the alachidic acid 
was obtained from hardened or natural arachis oil ; in 
(lealing with hardened oils the dnalyst is often in the 
unfortunate position of having to be content with very 
limited indications (see p. 168). The test resembles 
Renard’s Qliginal test tn that advantage is taken of the 
relative solubility of the lead salts of the unsaturated 
fatty acids and the insolubility of those of the saturated 
acids. 

Twenty grams of the sample are saponified by heating 
with 40 c.c. of a 20 per cent, alcoholic solution of potash ; 
60 c.c. of 90 per cent, alcohol are added and sufficient 
50 per cent, acetic acid to acidify \hc mixture (about 
15 c.c.), which is then heated to the boiling point and 
treated with a hot solution of 1*5 grams of lead acetate 
in about 50 c.c.* of 90 per cent, alcohol. After allowing 
to stand for twelve hours at the ordinary temperature, 
the lead soaps are separated and decomposed by heating 
with hydrochloric acid. Tlie fatty acids thus obtained 
are, crystallised three times from 90 per cent, alcohol, 
and the melting points of the crops are determined. If 
not le^s than 5 per cent, of natural or hardened 
arachis oil be present, the melting point will be above 
70°. 

Ex. 5, Rape Oil in Olive or Arachis Oils . — ^The pres- 
ence of considerable quantities of rape oil in olive oil 
might be indicated by a sdhiewhat high iodine value or 

* Zeilschr.* fttr Untersuch. Nahr. u. Genussmittel, 1913. 25, 
81, abs. AnaJysl, 1913, 38, 160. 
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refracfive index, liut in the case of arachis oil supposed 
to be adulterated with rape ©il, no definite information 
could be obtained from the result oi the determuiation 
of these constants. Bearing in rnipd the comparatively 
low saponification value of rape oil, it is evident that 
samples of olive or qj-achis oils adulterated with appreci- 
able quantities of rapfii oil should show abnormally low 
saponification values. In this connection it may be 
mentioned that of the oils and fats given in the table 
on p. 148, which have low sajlbnification values, rape 
oil is the only ong which would be likely to occur as an 
adulterant of arachis or olive oils. 

The approximate proportion of rape bil present might 
be calculated from the saponification value of the sample 
as follows : Supposing that a suspected sample of arachis 
oil was found to have an iodine value of 97, and a saponi- 
fication value oj* 187. Then, taking the mean saponi- 
fication value of arachis oil as 193, anddhat of rape 
oil as i74’5, if x equals the percentage of rape oil present, 


100 - X 
100 


193 + 


•100 


= 187, 


wlience x = from 30 to 35 per cent. 

In this case the determination of the specific gravity 
would be of little use, but a sample of arachis oil adul- 
terated with rape oil might show an abnorn^y low 
titer test. 

As rape oil has been shown to contain dnly very small 
amounts of arachidic acid, a determination of arachis oil 
as arachidic acid could be made as described ^bove, in 
order to check the result obiained from thd calculation 
based on the saponification value. • 

Rape oil may be detected and approximately estimated 
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ia mixtures by Tortelli and Fortinils method. (See 
Bolton and Revis, “ Fatty Foods.") 

Ex. Cotton Se4‘d f)il in Rape Seed Oil. — ^The pres- 
ence of cotton seed oilgas an adulterant in raj^ oil would 
be revealed by a higher saponification value than would 
be expected from pure rape oil, andjmight be confirmed 
by* the Halphen test for cotton ^ed oil. The iodine 
value, refractive index, titer test, and specific gravity 
would all tend to be raised owing to the presence of the 
adulterant, though the*se*figures, excepting, perhaps, the 
titer test, would not be noticeably influenced unless the 
amount of cotton seed oil present was large. The extent 
of the adulteraticfn might be approximately calculated 
from the saponification value of the sample and the mean 
saponification values of cotton and rape oils, as described 
above in Ex. 6. 

Ex. 7. Arachis Oil, Se$ame Oil, Codon^Seed Oil, Palm 
Kernel or Coemut Oil in Lard. — The presence of any of 
the liquid oils would tend to raise the iodine value and 
the refractive index, whereas the presence of either of 
the two solid fats mentioned would tend to lower these 
figures. If one of the oils were added together with one 
of the solid fats in certain prpportions, the iodine value 
or refractive index might obviously furnish no indica- 
tion at all regarding the additions. Sesame and cotton 
seed oils , could be detected by their characteristic re- 
actions (see Exs. i and 2), while arachis oil, if suspected, 
should be tested for as described in Ex. 4. Coconut or 
palm kernel oils, if present in sufficient amount, would 
be indicated by a high saponification value, but better 
still by a definite Polenske tand Reichert) value. (See 
pp. 134-138.) Bolton, Richmond and Revis ^ have con- 
* Analyst, 1912, 37, 183. 
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structed curves frftm which the percentage of coconuf 
^ or palm kernel oils may be dftducjd from the Polenske 
value. They ^ve the following e(fiations for •these 
curves : — • • 

:r(C.N.O.) -12-3 (P- 0-45) o 
a; (P.K.O.J w 1672 (P-o-45) 

where ;if = the percentage of coconut or palm kernel oil, 
and P = the Polenske value. These equations may easily 
be solved with the help of a logarithmic 1?^blc. The 
writer has obtained very satisfactory results with the 
use of the curves, working with mixtures of known com- 
position, the greatest error being ±3* per cent. The 
state of the insoluble acids will indicate which of the 
two fats is present. Burnett and Revis ^ have devised 
a method for examining the acids from the Polenske 
process in order to*detcrmine tke relative proportion of 
palm kernel and coconut oils if both of thes(iare present ; 
the method requires some practice with mixtures of 
known composition before it can be applied to unknown 
mixtures. * 

Confirmation of the presence* of vegetable oils or fats 
could be obtained by meanj of the phytosteryl acetate 
test (see p. 142). This Vould be especially desirable if 
cotton seed oil were the suspected adulterant, for it has 
been shown that lard from hogs which have been fed 
on cotton seed cake may give a positive Halphen*re- 
action for cotton seed oil. Paraffin wax Has sometimes 
been added to defeat the objects of this test. (See p. 144 
and Ex. 10.) 

Ex. 8. Arachis, Sesame, 0? Cotton Seed Oils in Cacao 
Butter. — The adulteration of cacao butter, or chocolate 

1 Analyst, 1913, 38, 255. 

II 
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fat, with the above-mentioned oils tould he detected 
on the same lines as jndicfited in the previous example, 
excepting, of coui^e, that the phytostcr5il acetate test 
would in this case iiot be available, as cacTAo butter is 
itself a vegetable product. As cacao butter has a fairly 
I9W iodine value, the extent of the adulteration might 
be approximately calculated as indicated in Ex. i. The 
titer test and melting point of the fatty acids of cacao 
butter are fairly hi^li, and would tend to be lowered 
through the presence of the oils in question. A deter- 
mination of the melting point of the Sample should also 
be made, as it is important that fats used in chocolate 
making should not melt at too low a temperature. 

Ex. 9. Fish or Blubber Oils in Rape Oil . — Fish or 
blubber oils may often be detected in mixtures by their 
characteristic smell, which becomes jnore noticeable on 
warming. The presence*of these adulterants would tend 
to raise both the saponification and the iodine values, 
especially the latter, on which quantitative calculation 
might be based as in Ex. i. Fish or marine animal oils, 
and other dryfing oils su(Ji as linseed oil, may be distin- 
guislied from, and detected in the presence of non-drying 
and semi-drying oils such ais r^pc oil, cotton seed oil, 
araohis oil, etc., by means of the hexabromide test, 
which is based on the fact that the hexabromo (or 
octpbrojno) derivatives yielded by the first mentioned 
group are practically insoluble in ether and certain other 
solvents ; the semi- and non-drydng oils, on the other 
hand, ane only capable ot yielding lower bromine addition 
productif which are soluble under the conditions of the 
test. (Seep. 109.) 

Halphen'^s modification of the hexabromide test is as 
follows : 0*5 c.c. of the oil are mixed with 10 c.c. of a 
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mixture of 28 parts by volume of glacial acetic acid,’ 
I part of bromine and 4 paVts nitrobenzene, An a 
clean, dry test tube, the tube is. closeS and shakeit, and 
tlic content^ examined. The semi* or non-drying oils 
produce, at the most, only a slight turbidity, while the 
fish or marine animal ^ils, or other drying oils, produce 
a distinct precipitate which is not dissolved on the 
ufldition of 10 c.c. of methylated ether. Rape oil gives 
a turbid liquid separating into twp layers, but on the 
addition of 10 c.c. ether a clear liquid is fortned. 

The indications* afforded are, of course, only of a 
qualitative nature, but the test would^ prove useful in 
deciding whether a sample of rape oil, showing an abnor- 
mally high iodine value, had been adulterated with a 
lish or other drying oil, or with larger quantities of a 
semi-drying oil having an iodine value higher than rape 
oil. Bolton aiuUKevis state that as little as 5 per cent, 
of fish, marine animal or drying oil may b<^ detected in 
rape oil, but that the test breaks down in tlu* presence 
of animal fats such as beef tallow and lard, which pro- 
duce a precipitate under the conditions of the test . Shea 
butter is stated to behave similarly to the animal f^Jts. 

Ex. 10. The Detectioif. of Paraffin Wax in Lard or 
('acao Butter . — The following method was deviscd*by 
Polenske for the detection and estimation of paraffin wax 
in lard. It may also be applied to the detectiorr of this 
adulterant in other fats. 

As very small amounts, of paraffin wax have some- 
times been added in order to circumvent the phytosteryl 
acetate test, it may be necessary to work on^hot less 
than 100 grams of fat. In this connection* it may be 
pointed out that if the digitonin method becomes uni- 
versally available, this particular form of sophistication 
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mU probably disappear for reasons kated on p. 142. 
The fat is saponifie 4 - and the unsaponifiable matter 
extracted on the fines laid down on p. 143. If much 
paraffin wax is presAit, less fat may be talten, but the 
saponification treatment should be prolonged in order 
te ensure complete decompositioij t)f the fat. The un- 
saponifiable matter is shaken with i c.c. of petroleum 
ether for twenty minutes at 15° to 16°, transferred to a 
small funnel plugged .with cotton wool and washed with 
five portiofts of J c.c. of petroleum other. The paraffin 
wax will be dissolved away together 'with some of the 
alcohols, but as ijiore cholesterol is dissolved than phyto- 
sterol, the phytosteryl acetate test will be made sharper 
when applied to the residue as described above. The 
petroleum ether solution is evaporated and the residue 
transferred to a test tube, in which rft is heated for an 
hour with 5 c.c. of pure concentrated sulphuric acid at 
105®, After*cooling, the acid is diluted and extracted 
with petroleum ^ ether. The petroleum ether extracts, 
containing the paraffin wax unchanged, are evaporated 
in a tared flask and weighed after drying at 100°. 

BHtter and Margarine Fats . — ^The fats may be separated 
for analysis by filling the sample into an ordinary gas 
jarMand placing it in a steam oven till separation has 
taken place. The fat is then filtered tlirough a thick 
soft filter paper. 

Genuineness of Butter Fat . — ^The most useful methods 
for examining butter fat are outlined .under the Reichert- 
Meissl, Polenske, Kirschner processes. (See p. 134 et 
seq.) Some indication of tfie use of the Reichert-Meissl 
and Polenste values in this connection has already been 
given, but hrom what has been said it would appear that 
the relation between the Kirschner and the Polenske 
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values afford thtf best means of judging butter fat. 
Bolton and Revis suggest • the^ following values as 
standards * — 


Kirschner 

Value. 

« 

r ' 

Polenske 

Value. 

* 


20 

1*6 

22 

2-1 

24 1 


26 

3*2 


A variation of i-o is allowed either way in the Polenske 
value corresponding to any particular Kirschner value, 
the addition of less than 5 per cent, of coconut oil 
causing the Polenske value to fall outside the limit. 
Palm kernel oil^ would naturalty affect the values simi- 
larly, i.e., lowering the Kirschner value and raising the 
Polenske value, but to a somewhat smaller extent in 
the case of the latter value. In the water's experience, 
genuine butters give values fjgJling within these limits. 
The subject is too complex to be pursued into detail 
here, but the following jjoi^its may be noted : If a high 
Polenske value be found, the approximate amouijt of 
added palm kernel or cocoanut oil may be determined 
by calculating from the formulae given on p. i6j:, taking 
the Polenske value found and subtracting from it the 
average value which would be due to the Gutter present. 
The presence of vegetable fats may often be gonfirmed 
by the ph5d:osteryl acetate test already desciibed. It 
has sometimes been the practice to use the refractive 
index as a sorting test, but this is lutile, a»many mar- 
garine fat compositions give the same values as genuine 
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iDutters. Thit information given by fhe Reichert-Meissl 
value is also inadecjjiatt * when taken by itself, for a 
buttet giving a Ifigh value may easily be adulterated 
with other edible fats and still give a valfie above the 
recognised limit of 24. In this respect the Kirschner 
value gives a sharper indication. ♦ Advantage may be 
taken of thi Halphen and Baudouin reactions in testing 
for cotton seed and sesame oils. Examination of a thin 
film of tlu^ butter its^^lf between the crossed Nicol prisms 
of a polafisation microscope may ^fiord useful indica- 
tions ; butter slioiild give a uniformly dark field except 
possibly for some* isolated cubical crystals of salt, while 
if margarine is present, bright patches will appear. 
Renovated butter, i.e., butter wliich has been melted 
and rcchurned with fresh milk, will give the appearance 
of margarine. In difficult cases, ^the Ave-Lallemant 
method may prove useful for detecting adulterants where 
the indications given by the above methods are incon- 
clusive. (See Bolton and Revis, “ Fatty Foods.") 

Margarine Fat.— An outline will be given here of some 
of the main methods awiilable for the various types of 
margarine fat compositions. Margarine fats consist of 
mixtures of solid fats an<i Ijfluid oils in proportions 
varying within certain limits. The solid fats may be 
(a) animal fats, i.e., lard or beef fat ; the beef fat used 
i* .margarine making, which contains all the glycerides 
naturally present, is known as “ Premier Jus," and the 
softer portions, i.c., jus from which stearine has been 
removed by fractional crystallisation, is known as 
"Oleo.* (6) The vegetable fats coconut and palm 
kernel oiR. (c) Hardened or hydrogenated fats, i.e., 
oils which^'have been treated with hydrogen in presence 
of a catalyst whereby the unsaturated glycerides have 
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been converted iifto stearine. The principal liquid oik 
used are arachis oil, cotton «ced oil, and, more rarely, 
soya bean oiL • • 

The Pol^ske value will at on^e show whether the 
above-mentioned vegetable fats are present or absent, 
and,. if present, thek percentage may be determined as 
explained on pp. I34*and ibi. Butter will be indicated 
by a definite Kirschner value, and the percentage of 
butter fat in the mixture is given^with fair accuracy by 
the following forijiula (Bolton,* Richmond '.and Revis, 
loc. cii., p. lOo) : • 

ii' — (o*iP+o-24) 

Butter per cent. = - - • 

^ ()'244 

where P=the Polenske value, and K = t\\e Kirschner 
value. 

The maximum amount of b\ittcr which may be added 
to margarine is fixed by law at lo per cent. Microscopic 
examination of the crystalline structure of the fat may 
give useful indications. A drop of the melted fat may 
be placed on the slide, pressed out under a cover glass, 
and allowed to set slowly. I'he crystals may be seen 
very distinctly against a dark field if the polarisation 
microscope is used, toconut and palm kernel^ oils 
crystallise as long needles radiating from common cen- 
tres, while stearine from beef fat (or hardened oils) takes 
the form of feathery tufts. Lard crystallised from tfher 
which has been allowed to evaporate* spontaneously 
forms crystal with chisel-shaped edges which may be 
detected with some practice. Cotton seed ajjd sesame 
oils may be detected by their characteristic feactions (see 
pp. 150 and 152), making due allowance fey any colour 
which may be produced owing to the action of the acid 
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en the colouring matter in the sesam^ oil test, .toachis 
oil, \vhich is used in the best qualities, may be detected 
by the Kreis and* Roth test (see Ex. 4)^ The iodine 
value or the refractiwi index, preferably the former, may 
be made use of in calculating the approximate per- 
centages of the various ingredients »n the lines laid down 
in Ex. I, but unless the mixture is a fairly simple one, 
as in the case of a vegetable margarine, the problem 
may be very involved. The phytosteryl acetate test is 
not of much use in this connection, 4s vegetable oils are 
practically always present. It is unfortunate that the 
only chemical method available for the detection of 
cholesterol (see p. 146) is so laborious, for this would, 
at least in some cases, afford a means of deciding whether 
a margarine contained an animal fat or not. There is 
no certain method for detecting hardened oils, which 
have of recent years bedn used to som^ extent in mar- 
garine. The<scarch for traces of nickel catalyst may be 
regarded as futile. Possibly some means may be elabo- 
rated on the line^ of Moore’s investigation on the iso-oleic 
acids of hardened oils.^ expert taster may, however, 
be able to detect these fats, which, in the light of Halli- 
burton and Drummond’s res^earches,® must be regarded 
as inferior substitutes for beef fat, owing to the absence 
of the fat soluble accessory growth substances. 

In co^iclusion, it may be remarked concerning edible 
fats that palatability naturally plays an important part 
in their valuation, and that it is not susceptible of 
chemical^ measurement, (See pp. in and 140.) 

From ^he above examples it may be seen how the 
analytical processes described in this chapter may be 
applied in the analysis of simple mixtures of the more 
1919, 38, 320 T. * J.' Physiol., 1917, 51, 235. 
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well-known fatty dils and fats, or identifying unadulte- 
rated samples of the latter. The examples of adultera- 
tion given £ne all comparatively simple ; in actual 
practice, hol^ever, problems may oc^ur which will require 
for their solution more extensive investigations and 
greater experience in«this branch of analytical chemistry 
than can be obtained from the present work. The 
student wishing to pursue the subject further is recom- 
mended to consult the works mentioned below. 

• * • 
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CfTAPTER IV 


SOAP 

Introductory 

Soap consists t-sscntially of the sodium or potassium 
salts of the fatty acids, with or witliput admixture of 
the salts of rosin acids. They may be produced by the 
direct action of aqueous caustic alkali on the fat by 
agitating the mixture well and heating with steam, or, 
in the case of coconut and j)alm kernel oils, at the 
ordinary or slightly elevate^ temperatures. The fatty 
acids may also be prepared from the fals by various 
methods and then neutralised by alkali. Twitchell’s 
reagent is largely used for hydrolysing fats ; it is, pro- 
duced by allowing an excess of sulphuric acid to act on 
a solution of oleic acid in aittnatic hydrocarbons, and 
is supposed to containtcoflipounds of the type 

c„h,s03H (CiAA). 

Lewkowitsch explains its action by the readiness with 
which it forms intimate emulsions with fat. liydrotysis 
may also be accomplished by heatfhg th« fat with 3 per 
cent, of lime under a steam pressure of 120 lbs. per 
square inch. Finally, fats are hydrolysed by Jhe action 
of certain plant enzymes, the lipolytic enzyme of the 
castor oil (Ricinus) seed having been eniployed on a 
large scale ; this metliod has not been widely used. 
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. The soda soaps are separated from the glycerol and 
the excess of water and alkali by adding common salt 
to the boiling mixture being insoluble in brine, they 
are “ salted out ” admixture with a relatively small 
proportion of water as a molten layer above the aqueous 
‘‘lye.” In making the finer grade soaps, more water 
may then be added, and the salting out process repeated. 
On the other hand, the soft potash soaps and the soda 
vegetable soaps made by the cold process cannot be 
salted out**satisfactorily, and therefore contain the gly- 
cerol and excess of water and alkali i As explained on 
p. 138, coconut and palm kernel oils consist of the 
gylcerides of fatty acids of relatively low molecular 
weight ; this explains why their soaps are more soluble 
in brine than other soaps ; this property enables these 
soaps to be used with salt water, for which reason they 
are sometimes known as “ marine or s^\t water soaps.” 
Coconut and palm kernel oils may, however, be used 
in conjimction with other fats in the ordinary course of 
soap making. * 

The rosin, or colophony, which is used in conjunction 
with fats in the manufacture of cheaper soaps, consists 
of the residue which remains after distilhng off the oil 
of turpentine and moisture from pine resin ; it is chiefly 
composed of acids which dissolve in caustic alkali solu- 
tion with the formation of soap-like products which 
generally differ from the true soaps produced from fats 
in possessing* greater alkalinity, and being softer and 
darker jn colour. Rosin or colophony should be dis- 
tinguislKd from the rosin spirit or rosin oils which are 
produced from it by destructive distillation. (See 
Chapter p. 241.) 

The fats most commonly used in soap making are 
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tallow, palm oil, itcovered grease, coconut oil, cotton* 
seed oil, maize oil, sesame oih palm kernel oil, various 
fish oils, castg: oil, olive oil and laid, linseed oii and 
hardened oih (see p. i66). In the. case of edible fats, 
it is usually the cheaper grades which are used in soap 
making. 

The amounts of water incorporated with soaps may 
vary within wide limits. Materials, useful or otherwise, 
which may be added to soaps are mentioned below. The 
nature of the perfuiye added is a fairly imporfant matter 
in the case of the*finer toilet soaps, and this can very 
often only be determined by those who have an intimate 
experience of perfumery. 

The cleansing action of soap depends, first, on the 
formation of small quantities of free caustic alkali owing 
to the hydrolytic qp tion of water on the alkali salts of 
the fatty or rosi^i acids ; accor^ng to the principles of 
mass action, the greater the proportion of water to soap, 
the greater will be the extent of the hydrolysis, so that 
the concentration of free caustic alkali is to some extent 
automatically regulated and jeept low ; further, the 
greater causticity of rosin soaps as compared with soaps 
formed from fats, may ly explained by the fact that the 
rosin acids are weaker acids than the fatty acids, »nd, 
consequently, their sodium salts are hydrolysed to a 
greater extent in aqueous solution. The rernoval.of 
dirt of a greasy nature, which caijnot be effected by 
means of water alone, takes place as follows : A small 
portion of the fatty matter is saponified by the caustic 
alkali and removed as sojuble soap ; the^ greater 
portion, however, is made into an emtilsion with 
the alkaline liquid and mechanically removed with 
the lather. 
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• The various soaps on the markef may be broadly 
classified as follows • 

(1) *701161 Soap ^. — ^These should consist as far as 
possible of the neiit^-al sodium salts of th(# fatty acids 
together with moderate amounts of water. They should, 
r^^turally, contain no impurities nr adulterants,, and, 
above all, no free caustic alkali or alkaline carbonate. 
They are often made from lard or olive oil. The trans- 
parent toilet soaps yrhich are produced by dissolving 
soap in alcoliol and evaporating the ejear solution, gener- 
ally contain glycerol, and sometimes also notable amounts 
of sugar. Floating soaps contain air. 

(2) Laundry Soaps . — ^These may contain more or less 

free alkali as carbonate or hydroxide. are usually 

made from tallow, palm oil or rosin. 

(3) Commercial Soaps . — ^'fhe soft, soaps, which are 
generally made from fish oils or vegetable drying oils, 
contain glyc(*rol and excess of potash and water. The 
so-called hydrated soaps, which arc produced from 
coconut or palin' kernel oils by the cold saponification 
process, contain glycerol and excess of water ; they arc 
also liable to contain unsaponified fat and free alkali, 
owing to the incomplctenessi the saponification pro- 
cessr Marine or salt w'ater soaps have been discussed 
on p. 172. 

Misdicated Soaps . — ^These may contain phenol, 
cresols, naphthalenQ, and other coal tar products, or 
substances of a similar nature. 

Besides unsaponified fat, free alkali, or free fatty 
acids, seflitps may contain ,small amounts of chlorides, 
sulphates, kilicates and other inorganic impurities 
derived frohi the materials used in their manufacture. 
According to Allen, the following additions are some- 
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Soap 

times made to so^J) : oatmeal, bran, sawdust, fuller’s* 
^ earth, chalk, etc. Considerable (quantities of sand 
powdered quartz are used in scouring soaps. Sodium 
or potassiuift carbonates are add^ to scouring and 
commercial soaps in order to increase their detergent 
properties and also to facilitate lathering with hard 
waters. Petroleum or coal tar oils may also be added 
with a view to increasing the detergent properti(‘S. Iron 
compounds, ochre, ultramarine and other colouring 
matters are added ^to produce tlie effect of. mottling. 
Sodium silicate, aluminate and borate may also be found 
in commercial soaps. 

The Analysis of Soap. 

Among the more^important constituents to be deter- 
mined, are water^ total alkali, feftty and rosin acids, free 
alkali as carbonate and hydroxide, and combined alkali 
present as soap. The estimation of adulterants, or fillers 
and legitimate additions, such as alkalint carbonate sili- 
cate and phenol, will also be ciescribed. The following 
scheme for the analysis of soap, which will first be briefly 
summarised here, is, to som^j extent, based on that 'due 
to Allen, Leeds, and others, which is adopted in Allqp's 
“ Commercial Organic Analysis,” 1911 edition. 

Sampling . — ^The sample for analysis should,, in the 
case of a solid soap, be taken from^the interior of the 
bar or cake, avoiding the outer dried portions. Liquid 
soap should be allowed to stand in a warm pjacc till 
thorouglily liquid, and mixed before sampling. The 
sample should be kept in a stoppered bottle and weighed 
between watch glasses in order to prevent loss#f moisture 
during weighing. 
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The various operations which hkve been outlined 
abo^e are described in detail below. Subsequently, the 
estimation of phenols and neutral hydrocarbons in soap 
will be described, zyid finally the analysis^ of phenolic 
disinfectants containing soap, such as lysol and creoline, 
wll be dealt with. 

(a) Watef.—lh^ following method is due to Watson 
Smith : 5 to 10 grams of the soap, reduced to fine shav- 
ings, are placed in a large porcelain crucible which is 
set in a sAnd bath, hWed by a small Bunsen flame. 
The soap is continually stirred with a* glass rod (weighed 
with the crucible) having a rough jagged end to facilitate 
the breaking up of the mass. The process is usually 
complete in twenty to thirty minutes ; when, on remov- 
ing the flame, a piece of plate glass placed over the dish 
no longer collects moisture, the heating may be dis- 
continued, and the dish and contents, together with the 
glass rod, allowed to cool and weighed. The loss in 
weight represents water with possible traces of alcohol 
and essential oilk. Burning of the soap must, of course, 
be avoided ; this will, however, if it occurs, immediately 
be noticed by the characteristic odour produced. The 
results of this process are stated to be accurate to within 
0*25 per cent., which is sufficient for technical purposes. 

The following method given by the American Bureau 
of Standards ^ for the determination of matter volatile 
at 105® is more accurate than the above method. Two 
grams are dried for one hour at 60° in a porcelain dish 
three inches in diameter, 50 c.c. of absolute alcohol are 
then ad<Sed, the liquid evaporated, and the residue dried 

^ IJ.S.A. Bureau of Standards Department of Commerce, 
Circular No. I62. This circular gives methods for the analysis of 
soap, and standards for the various qualities. 
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for one^hour at 6(f, and then for two hours at 105®/ 
(The soap should be finely shredded in order that it 
may dissolve C9mpletely in the alcohol and be depcfeited 
as a thin hoiAogeneous layer after evaporation.) 

The following method, due to Fahrion,^ is given as 
being the most convenient where great accuracy is not 
necessary. Two to four grams of soap are heated over 
a small flame in a dish with three times their weight of 
oleic acid, which has previously beeji heated to 120® for 
several hours. The^ mixture should be stirred with a 
glass rod, weighed with the dish, imtil the soap dissolves 
to a clear liquid. When all the water has been boiled 
off and the mixture starts fuming slightly, the dish and 
contents arc cooled and weighed. The results are stated 
to be accurate to within 0*5 per cent. 

It should be renumbered that added volatile matter 
(see pp. 174 and, 175) will also®be driven off with the 
water ; in ordinary cases, however, this will be negligible. 

The U.S.A. Bureau of Standards ^ gives the following 
limiting percentages for matter volatile at 105° {a), and 
standard percentages of volatile matter on the basis of 
which the matter not volatile at 105° is to be paid for 
as soap (6). Two per cent* to be deducted from the 
weight of soap paid for, for ever^' i per cent, in excess 
of (b). Milled ^aps. (Toilet.) (a) 15, {b) 10. White 
Floating Soap, {a) 34, (b) 28. Salt Water Soap. J^0) 
(^) 55 - Special and Ordinar}^ Laundry Soaps, (a) 
34, (b) 28. Moisture not to exceed 20 per* cent. Four- 
fifths of a pound of matter not volatile at 105® to repre- 
sent one pound of soap. Chip Soap. (Suitabl# for use 

' Zeitachr. f. Angew. Chemie, 1906, xix. 385, abs. Analyst, 
2906, 166. 

* See footnote x above (p. 176). 

A.I.A. U 
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‘with soft water in high-grade laundry work.) (a) 15, 
{b) 10. Nine-tenths, of a* pound of non-volatile matter 
to be' taken as on^ pound to be paid for. 

As will be seen from the table of typical analyses of 
soap on p. 196, the percentage of water varies very con- 
siderably in the different grades of ^oap. The best toilet 
soaps may contain as little as lo to 13 per cent, of water, 
while some of the inferior hydrated varieties will contain 
as much as 70 to 80 per cent. Soft soap usually contains 
about 35 tto 45 per cent, of water, and a good yellow soap 
some 15 to 25 per cent. 

(6) Unsaponified Fat and Other Matter Soluble in 
Petroleum Ether . — Dissolve 5 grams of the soap in alcohol, 
evaporate to a paste, mix with clean dry sand, dry first 
on the water bath and then at T05®, stirring occasionally, 
and extract with petroleum ether as- described on p. 87. 
(If sodium bicarbonate 'is added, as directed on p. 144, 
the free fatty acids, if any, will be excluded from the 
petroleum ether extract.) The pcdroleum ether extract 
is evaporated to dryness in a tared flask, diied at 100° 
and weighed. 

In addition to extraneous unsaponifiable matter, such 
as vaseline, coal tar products, etc., the residue thus 
obtained will contain any unsaponified fat or free fatty 
acids which may be present, together with traces of 
es^ntiol oils added as perfumes, and unsaponifiable 
matter occurring naturally in the fats. Unless, however, 
notable amounts of foreign material have been added to 
the soap, this residue should, in most cases, be very 
small. '♦The estimation c^f phenols and neutral oils in 
soap is de^ribed in a subsequent portion of this chapter. 
In Allen’s* ' Commercial Organic Analysis,” 1911 edition, 
Vol. II., p. 425, will be found k systematic scheme for 
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the examination of*the petroleum ether soluble material 
from soap. 

(c) Fatty an^ Rosin Acids . — ii ur* suaj) uues iioi con- 
tain any appreciable amount of petrt)lcum ether soluble 
material, and the last operation has been omitted, the 
operation now to be d&cnbed may be commenced, cithe/ 
with a fresh portion of the original sample or the residue 
from the water determination. The material, if pre- 
viously treated with petroleum etliar, is sprcc^d out and 
warmed gently so that the solvent may evaporate ; it is 
exhausted with boiling water, and the aqueous solution 
filtered or decanted from any insoluble matter that may 
be present. Normal nitric acid is then added from a 
burette until no further precipitate is formed ; about 10 
to 20 c.c. of the acid are further added, and the total 
quantity used is noted. The jiirecipitatcd acids are 
allowed to solidify, and the aqueous liquid is decanted 
off and preserved for further examination. The acids 
are re-melted and mixed with hot water, allowed to 
solidify and the water decanted off and added to the 
main portion ; this process is* repeated *two or three 
times, after which the acids are filtered off and washed 
with cold water until the^a^ngs arc no longer acid to 
methyl orange. The washings are added to the msfin 
portion of the aqueous liquid, which wdll contain the 
total alkali of the soap as nitrate ; generally alsd smtH 
quantities of chloride and sulphate, soluble fatty acids 
if the soap is derived from coconut or palm kernel oils ; 
glycerol in the case of soft soap or soap made by the cold 
process ; and any sugar, glycerol, dextrin, gelatine or 
other soluble foreign matter which may have b^n added 
to the soap. 

The funnel with the filter containing the insoluble 
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*acids is placed over a small weigheci beaker in an air 
oven, and the whol^ is Heated to about loo®. As the 
filter *dries, the bulk of the melted acids will pass through 
it into the beaker below, where they may be weighed 
after cooling. The acids adhering to the filter and funnel 
are washed by means of petroleijiA ether, which is com- 
pletely volatile below 80*^, into a tared flask, dried at 
100° after removal of the solvent by evaporation, and 
weighed, their weight, being added to that of the main 
portion. ‘The weight of the total fatty acids, multiplied 
by 0-97, gives the weight of the dcid anhydrides (or 
radicles) existing in the soap. 

If a weighed portion of the acids is dissolved in neutral 
alcohol and titrated with standard alcoholic potassium 
or sodium hydroxide solution, using phenol phthalein as 
indicator, the total combined alkali existing as soap 
proper may be found ; this is calculated to Na^O or 
Kfi. The 'latter may also be found by subtracting the 
free alkali from the total alkali, determined as described 
below. The soluble fatty acids in the aqueous liquid, 
if any, are determined as described under (e) and added 
to .the main portion in the final statement of the results 
of the analysis. • 

'The above method may be varied in several ways. 
Sulphuric acid may be used in place of nitric acid for 
precipitating the fatty acids, if sulphates, are not to be 
determined ^as under (/). For a rough estimation, the 
cake of fatty acids obtained from a larger portion of the 
sample may be dried between filter paper and weighed ; 
sometJbes a known weight of beeswax is added to form 
a cake with the acids ; this is necessary in dealing with 
liquid or* semi-solid adds, as would be obtained firom 
soft soaps. 
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Other methods afe based on the extraction of the fatt/ 
► acids from the aqueous liquid by^means of ether,, and 
weighing the (fried residue obtained after evaporation of 
the solvent, Jither as acids or after conversion into soaps. 
A separating funnel may be used for the ether extraction, 
in which case the of)eration should be repeated twice 
with smaller portions of ether, and the united extracts 
should be washed with small portions of water to remove 
mineral acids. Several continent^ workers advocate 
the use of Huggenb^rg and Stadlinger’s “ Saprometer,'* ^ 
which consists of a special graduated tube with a side 
tap by which an aliquot portion of the ethereal solution 
of acids may be drawn off, thus avoiding the somewhat 
cumbersome procedure with the separating funnel. 

Fendler and Frank,* discussing the various methods 
of treating the fattjj acids for gravimetric determination, 
make the following recommendations : Coconut or palm 
kernel oil acids can only be correctly estimated (owing to 
their comparative volatility) by titrating them to neu- 
trality against phenol phthalein in etfier and alcohol 
(or alcohol) solution with afroholic scjda or potash, 
evaporating the residue and drying it at 103® to 105°. 
The acids from linseed ojl staps give high results owng 
to oxidation on drying (see p. 130) whether as acid» or 
as soaps ; these acids, or their soaps (obtained as just 
described for palm kernel or coconut oil acids)* sho^ujd 
therefore be dried in an atmosphere pf carbon dioxide. 

The valuation of soaps is largely based on the per- 
centage of fatty acids, calculateci to anhydrides, as 
indicated above. The best ^toilet soaps willft:ontain 
some 80 per cent, of fatty acids, good household soaps 

'Chem. Zeit., 1912, 36, 938, abs. Analyst, 1912, 479. 

* Zdt. Angew. Chem., 1909, 22, 252, abs. Analyst, 1909, 166. 



i 82 Industrial Organic Analysis 

• 6o to 65 per cent, of fatty or fatty alid rosin aci^, while 
the .cheaper grades which«contain filling material, sodium ^ 
carbonate or silicate, sand, etc., and, the soft and hydrated 
soaps, may contain^s little as 10 to 20 per^:ent. of fatty 
or fatty and rosin acids. 

, The U.S.A. Bureau of Standards ^ specify thatliquid 
soap should be a clear solution of vegetable oil potash 
(or potash and soda) soap containing not less than 20 per 
cent, of soap. 

(d) TotAl Alkali . — fhe total aqueous liquid separated 
from the fatty and rosin acids, including the filtrate and 
washings obtained as described under (c), is titrated with 
semi -normal potassium or sodium hydroxide solution, 
using methyl orange as indicator. The difference be- 
tween the number of cubic centimetres of normal nitric 
acid used for the liberation of the tal^^y acids as described 
under (c), and half the? number of cn\>ic centimetres of 
semi-normal alkali used in the last titration, will be the 
number of cubic centimetres of normal acid equivalent 
to the total alkali of the soap. This is calculated to 
Na^O or K2O, as the cj^e may be. 

{e) Soluble Fatty Acids , — ^This estimation is based on 
the fact that the fatty geids show an acid reaction 
towards phenol phthalein but not towards methyl 
orange ; the latter indicator may therefore be used for 
the estimation of free mineral acid by titration, in 
presence of fatty ^acids which may then be estimated 
by adding jJhenol phthalein to the solution which has 
previously been rendered neutral towards methyl orange, 
and coutinuing the titration with caustic alkali solution 
until a pemianent pink tint appears. The determination 
of the solrible fatty acids is accordingly carried out by 

‘ See footnote, p. 176. 



Soap 183 

• 

adding"phenol phijhalein to the solution from the deter* 
mination of the total alkali (a^ described under (d)), and 
titrating with deci-normal caustic* alkali solution., * The 
number of •cubic centimetres required to produce a 
permanent {)ink tint is calculated to caprylic anhydride, 

2NaOA being equivalent to one molecule 

of the anhydride ; the weight of the latter as Na^O 
is added to the weight of the anhydrides of the 
insoluble acids already estimat&rf as described under 

W- 

The presence of appreciable amounts of soluble fatty 
acids will indicate that the soap has been made from 
coconut or palm kernel oils. 

if) Chlorides and Sulphates .-— constituents may 
be determined in aliquot portions, say, one-fifth each, of 
the neutralised liquid obtained from operations (d) or (e). 
The chlorides are determined in the usual manner by 
titrating the faintly acid solution with deci-normal silver 
nitrate solution, using a few drops of potessium chromate 
solution as indicator, and continuing thp titration until 
a permanent faint red-brown colour appears. The 
number of cubic centimetres of silver nitrate solution 
required is calculated t (5 express the percentage of NaCl 
(or KCl) in the sample. Sulphates are determined by 
precipitation with barium chloride solution, in tjie usual 
manner, and the amount of barium sulphate weighed is 
calculated to express the percentage «f Na2S04 (or 
K2SO4) in the sample. 

As will be seen from the table on p. 196, the better 
the quality of the soap, the sihaller will be th^ percentage 
of sodium chloride and sulphate. The U.§.A. Bureau 
of Standards allow i per cent, each of Na^04 and NaCl 
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4n ordinary laundry soaps, and onl^ o*i per cent, of 
Naj§04 and 0-3 per cent. •of NaCl in milled soaps. 

(g)*Glycerol (in absence of sugar). — ^The, determination 
of this constituent js mainly of interest iif the case of 
soft soaps, and the hydrated soaps made by the cold 
process. As was pointed out abo 4 ^e, some toilet. soaps 
may contain added glycerol. 

For the estimation, an aliquot portion of the neutra- 
lised solution obtained from operations (i) or (e) may be 
used. Thrf method to be describe^ is due to Hehner, 
and depends on the quantitative oxidation of glycerol 
to carbon dioxide and water by means of potassium 
dichromate solution, the amount of dichromate used for 
the oxidation being measured by a titration process. 
The method is, of course, only applicable in the absence 
of other oxidisable matter such as sug^, which, if present, 
must be removed as destribed below uryier (h). 

The following solutions will be required : — 

Potassium dichromate solution, containing 74*56 grams 
of the pure salt and about 150 c.c. of concentrated 
sulphuric acid per litre. , 

Ferrous ammonium sulphate solution, containing 240 
grams of FeS04 (NH4)2S046H20 and 50 c.c. of concen- 
trated sulphuric acid per litre'. 

Potassium dichromate solution oj exactly one-tenth the 
strength,o/ the other solution of the same salt. The stronger 
dieferomate solutioiv i c.c, of which should be equivalent 
to 0*01 gram glycerol, is titrated against the ferrous 
ammonijum sulphate solution. 

The solution in which the glycerol is to be estimated 
is made up<o about 250 c.c. and transferred to a beaker 
which has been cleaned with potassium dichromate and 
sulphuric acid, in order to remove all traces of oxidisable 
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matter. 50 c.c. of the stronger dichromate solution are 
then added, and the beaker is*covered with a clock glass 
and heated for two hours in boiling water. At the end 
of this time^n excess of the ferrous^ ammonium sulphate 
solution is *added, so that the whole of the remaining 
potassium dichromale will be reduced to chromic sul- 
phate, and a convenient amount of the ferrous salt left 
over for titration with the weaker dichromate solution. 
The approximate quantities of the various solutions 
required may be caJculated from* tte following equation, 
representing the iateraction between the dichromate and 
the ferrous salt in solution. 

+ 6 FeSO^ + 7 H,S04 = KjjSO* + Cr2(S04)3 
+ 3 Fcj (804)3 + 7 HjO. 

The titration witji potassium dichromate solution is 
carried out, usijig a weak solution of potassium ferri- 
cyanide as an outside indicator, according to the well- 
known method described in text books of quantitative 
inorganic analysis. The glycerol is quantitatively oxi- 
dised to carbon dioxide and, water bji the potassium 
dichromate, which is reduced to chromic sulphate as 
indicated by the equation given above . From thesd data 
the amount of glycerol present in the original solution 
may be calculated. 

{^) Sugar . — If cane sugar, glucose, invert ^gar,^or 
dextrin are present, they will interfere with the estima- 
tion of glycerol by the above method. ‘They may be 
tested for in the solutions obtained from operations {d) 
or {e) by warming with Fehling’s solution, can# sugar or 
dextrin giving a reaction after the solution has been 
heated for fifteen minutes on the water bath with about 
1 per cent, of hydrochloric add. It may be pointed out 



i86 Industrial Organic Analysis 

that glycerol has a faint reducing action on Pfehling*s 
solution on prolonged heading. 

Cdne sugar has^be6n added to toilet soaps, especially 
transparent soaps ; in some cases as muchi as 20 to 30 
per cent, of cane* sugar have been fouftd. Sugars 
of any kind should be absent ft'om good soaps, as 
fhey can only be regarded as “ fillers."' The U.S.A. 
Bureau of Standards exclude sugar in their specifica- 
tions. 

(i) Free Alkali or Fatty Acids . — Five to ten grams of 
the original sample are dissolved in 20p c.c. of hot neutral 
alcohol in a flask, loosely corked to prevent absorption 
of moisture and carbon dioxide from the air. If the 
soap contains much water, it should first be partially 
dried in an atmosphere free from carbon dioxide. The 
hot solution is filtered rapidly through a weighed Gooch 
crucible to prevent undue exposure*of the solution to 
air, care being taken that none of the soap jelly separates 
out on the filter. The filter is washed with absolute 
alcohol, and tha total filtrate and washings titrated in 
presence of phenol phthalein with deci-normal acid or 
alkali, according to its reaction. If alkaline, the amount 
of standard acid required will give the percentage of 
free caustic alkali in the soap ;* if acid, the amount of 
alkali required is calculated to oleic acid (CigHs402) and 
returned as free fatty acids. 

By tftrating the neutralised alcoholic solution with 
acid, using this tiifte methyl orange as indicator, the 
alkali existing in the soap as sodium salts of fatty or 
rosin adj^ may be found. (See also (d).) 

The abo^e method has'-recently been criticised by 
several workers. Other methods have been based on 

tt 

the precipitation of the fatty acids and carbonate as 
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jariuA salts, thu§ Kling, Genin and Florentin * give the 
following method for determyiing caustic alkali in soaps 
(or commercial soda), precipitatin| in,5o per cent, alcohol 
owing to rtie fact that barium borate and silicate are 
appreciably soluble in water, and therefore likely to be 
estimated as caustit alkali if present. Fifty c.c. of a 
I per cent, solution of the soap (or soda) are treated 
with a 10 per cent, solution of barium chloride, using a 
slight excess above that required for complete precipi- 
tation. The mixture is treated* with its ow^j volume of 
95 per cent, alcolv)!, allowed to stand for some time, and 
filtered ; an aliquot portion of the filtrate is titrated at 
the boiling point with twentieth norm'al sulphuric acid, 
using turmeric as indicator. Reasonable precautions 
should, of course, be taken to prevent undue exposure 
to the air in order to avoid the absorption of carbon 
dioxide. ^ 

It will readily be understood that the determination 
of free caustic alkali is an operation of some importance 
in soap analysis, owing to the unpleasant effect of caustic 
soap on the skin, and the destructive effect of an exces- 
sively caustic soap on textiles. The U.S.A. Bureau of. 
Standards^ lays down m^ima of o-i per cent, of free 
alkali as NaOH for toilet soaps, 0-5 as NaOH for lai^ndry 
and salt water soaps, and 0*05 as KOH for liquid soaps. 

(/) Alkaline Carbonate, Silicate, etc . — ^The residue in- 
soluble in alcohol, left on the filter contains anjf car- 
bonate, silicate, borate, aluminate, etc.* together with 
other insoluble m'aterial such as starch, sawdust, sand, 
pumice, chalk, insoluble colouring matter, e^c., which 
may have been present Ai the soap. Ihe alkaline 

^Bull. Soc. Chim., 1914, 15, 200, abs. Analyst, *1914, 224. 

* See footnote, p. 176. 
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earbonate, silicate, borate or aluminatfe is separated from 
the total residue insoluble* in alcohol by extracting with 
cold water and filtenng. One half of the filtrate may 
then be titrated witl\ deci-normal sulphuric icid in pres- 
ence of methyl orange as indicator, in order to find the 
amount of soda present, while th6^other half may be 
evaporated to dryness and the nature of the alkaline 
material determined by examining the residue by the 

usual methods. For the determination of boric acid, 

• • 

see p. 414..* , 

In a good toilet soap, the amount ofcdkaline carbonate 
should not exceed J per cent. In laundry, scouring and 
marine soaps, the addition of larger amounts of alkaline 
carbonate or silicate may be quite permissible. 

The U.S.A. Bureau of Standards lays down the follow- 
ing maxima for the percentages of ^alkali as alkaline 
salts (Na^COj) : Toilet ibaps, 0*3, not ,more than half 
of which shall be silicate ; white floating soaps, 0*5 ; 
liquid soaps, 0-3 (as K^COj) ; special laundry soap (for 
use with soft w&ter), i ; ordinary laundry soaps (for 
use with moderately hard water), not less than 2 or 
more than 6, of which not more than half shall consist 
of sodium silicate ; chip soaps [for use with soft water 
in hjgh-grade laundry work), 0*5. The variation of the 
permissible amount of alkaline salts, according to the 
nature of the water, will readily be understood. 

[k] Insoluble Residue from (;).— The residue left on the 
filter after exttacting the alkaline material with water, 
may be (^ed, weighed and further examined. The sub- 
stances mentioned above (p. 175) will readily be recog- 
nised by the usual tests, ih well as their appearance. 
Microscopic ftexamination may be useful here in recog- 
nising, for example, starch (see p^ 305), kieselguhr (dia- 
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tomitef, fuller's eafth, sawdust, etc. The U,S.A. Bureau 
of Standards limit for insoluble matter is 0*5 per pent, 
for ordinary Ipundry soap, and o-i per cent, for* other 
soaps. * , 

Total Alkali and Nature of the Same. — By titrating an 
aqueous solution of^a known weight of the soap wi^i 
standard acid, using methyl orange as indicator, the 
total alkali present in the soap may be found. This 
should agree with the sum of the determinations of 
alkali as (i) free hydroxide, (2) free carbonate, or silicate 
borate, etc., and ($) combined as soap with fatty or rosin 
acids. 

If it is desired to determine the nature of the alkali, 
i.e., whether soda or potash or a mixture of these, the 
alcoholic soap solution neutralised to methyl orange 
from operation {j\ is treated with baryta solution until 
alkaline to phejiol phthalein, ^nd barium chloride solu- 
tion is added as long as precipitation occurs. After 
filtering, the solution is evaporated to dryness, and the 
residue examined qualitatively or quantitatively for 
sodium or potassium by a^jy of the. usual methods 
described in the text-books on qualitative and quanti- . 
tative inorganic analysis. . * 

(/) Detection and Estimation of Rosin Acids . — ^Jfosin 
acids may be detected by the Liebermann Storch reaction 
as follows : A small portion of the acids, precip 4 ated and 
separated as described under (c) [s dissolved in acetic 
anhydride at a gentle heat, and the soliltion allowed to 
cool. Sulphuric acid of specific gravity 1*53^, prepared 
by adding 347 of the concentrated acid to 3jr*5 c.c. of 
water, is very carefuUy added when, in the presence of 
rosin acids, a reddish violet coloration will fee developed. 
If the acid is not added with sufficient care, the mixture 



i^jd Industrial Organic Analysis 

will become too wanii, with the resuft that the colora- 
tion vill not be obserjred, -a brownish-yellow coloration 
being developed at* once. Lewkowitsch points out that 
cholesterol gives a sirpilar reaction to that obtained with 
rosin acids, and recommends that if the presence of this 
substance is suspected, it should be t*emoved by extract- 
ing the aqueous soap solution with ether before liberating 
the acids for the test. As has been pointed out in the 
previous chapter on the fatty oils and fats, cholesterol 
is the prindjial unsaponifiable constituent of the animal 
fats. Wool fat contains much cholcsttirol. 

For the estimation, the mixture of fatty and rosin 
acids isolated as described under (c), may be used, or a 
larger quantity may be prepared (see (w)) . The method 
of Twitchell depends on the fact that while the fatty 
acids are cstcrified on treatment with , hydrogen chloride 
in alcoholic solution, the 'tosin acids are wnchanged, and 
may be estimated by titration with standard alkali 
solution in presence of phenol phthalein as indicator. 

Two to three grams of the mixed fatty and rosin acids 
are dissolved in4cn times. their volume of alcohol, in a 
‘ flask, and dry hydrogen cliloride gas is bubbled through 
the sblution until no furthe** absorption takes place. 
The process will be complete in about forty-five minutes, 
when the ethyl esters of the fatty acids will have sepa- 
rated as an oily layer floating on the alcohol. The liquid 
is now diluted with Jive times its volume of water and 
boiled till the abid solution is clear, the esters containing 
the rosin acids in solution floating on the top. A little 
pumice oitporous tile may be used to prevent bumping. 
The whole is transferred to a separating funnel by means 
of ether, and-the ethereal layer is washed with water till 
all the mineral acid has been extracted from it ; this 
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will be accomplished when the aqueous layer no longer* 
reacts acid towards methyl oratige.^pr gives a precipitate 
or opalescence .with silver nitrate solufion in preseitce of 
nitric add. , The ethereal layer is now transferred to a 
flask, 50 c.c. of alcohol, neutralised towards phenol 
phthalein, are added? and the mixture is titrated with 
standard sodium hydroxide solution, using phenol 
phthalein as indicator. The titration should not be 
unduly prolonged, or partial hj^dfolysis of the esters 
by excess of alkali may take place. From the number 
of cubic centimettes of alkali solution required for 
neutralisation, the amount of the rosin acids may be 
calculated, assuming their combining weight to be 346. 

Wolff and Scholtze ^ consider TwitchelFs method in- 
accurate and recommend in its place the following 
method by which the fatty acids are esterified by methyl 
alcohol in presence of sulphuric acid. The method pre- 
scribed by the U.S.A. Bureau of Standards is practically 
identical with the exceptions that ethyl alcohol is used 
instead of methyl alcohol, and that the mixture is boiled 
for four instead of two minuter 

Two to five grams of the mixed fatty and rosin acids 
are dissolved in 10 to 20^c.ctof absolute methyl alcohol, 
and 5 to 10 c.c. of a solution of one part of sulphitric 
acid in four parts of methyl alcohol are added ; the 
mixture is boiled for two minutes under a reflax qm- 
denser, mixed with 5 to 10 times volume of 10 per 
cent, sodium chloride solution, and extracted several 
times with ether. The united ethereal extracts are 
washed with sodium chloride ^solution, alcohol i? added, 
and the rosin acids are titrated with half nbrmal alco- 
holic potash. Wolff and Scholtze make a deduction of 

' Chem. Zeit., 19x4, 38, 369 and 382, abs. Analyst, 1914, 228. 
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i} per cent, from the percentage of r6sin adds found to 
allov^ for the fatty acids that have escaped esterification. 

As mentioned above, rosin should only^be present in 
the cheaper grades of soap ; a good laundiy^oap should 
only contain about 20 per cent, of rosin acids. The 
U.S.A. Bureau ot Standards specirfcations allow 1:5 per 
cent, of rosin in special laundry soap, and 25 per cent, 
in ordinary laundry soap. 

(w) Nature of the Fatty Acids . — ^The following methods 
are given* by the U.S.A. Bureau of Standards 
(footnote, p. 176), for the separation of the fatty or 
fatty and rosin acids : Toilet, Floating or Salt Water 
Soaps are dealt with by treating a solution of 50 grams 
of the sample in 300 c.c. of hot water with 150 c.c. of 
approximately twice normal sulphuric acid, cooling and 
shaking out with 120 c.c. of ether ; ^le ethereal extract 
is washed with strong ’'sodium chloride solution until 
mineral acid (tested for in the filtrate by methyl orange) 
has been eliminated, shaken with 20 to 30 grams of 
anhydrous sodifim sulphate and allowed to stand till 
clear, and evaporated in a current of dry air below 50®. 

‘ Laundry Soaps are dealt with by heating a solution of 
50 grams of the soap in foo c.c. of hot water with 
IOC c.c. of 30 per cent, sulphuric acid and washing 
the resulting clear layer of fatty and rosin acids with 
hpt water, filtering through a hot-water funnel and 
drying for twenty minutes at 100®. 

The most important constants to be determined on 
the fatty acids are the solidifying point (see pp. 120 and 
X93) and the neutralisation value (see p. 193), which is 
worked out on the same basis as the acid and saponi^ 
fication values of fats (see pp. 138 and 13 1), and is mainly 
influenced by the presence of the acids of comparatively 
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low molecular weight derived from coconut and palm, 
kernel oils, which will also be indicated by the operation 
described under (tf). Fryer ^ recofhm^nds the applica- 
tion of the sta’ndard Polenske process (see p. 134) for 
the detcrmifiation of the acids of coconut and palm 
kernel^ oils, saponifying and treating 5 grams of the 
acids in the same manner as recommended for fats* 
He finds values of 17-3 and 10-5 for the insoluble acids 
of coconut and palm kernel soaps respectively. 

In the majority of cases an ekffct determination of 
the origin of the .fatty acids may be impracticable, 
especially when matters are complicated by the presence 
of rosin or the possible presence of acids derived from 
hardened oils. By the methods given above, however, 
a soap may be classified to a certain extent. The follow- 
ing requirements under the U.S.A. Bureau of Standards 
specification will^give some idea of the results to be 
expected from various kinds of soap : — 



Solidifying Point 

• 

Neutralisation 


(Titer^est.) 

^alue of Acids. 

Milled soaps 

Not jinder 37® 

203 to 212 • 

White floating soap , 

Not under 35° 

Not under 2y 

Special laundry soap . 

Not under 35° 

— 

Ordinary laundry soap 

Not under 33° 


Salt water soap . « 

j • 

Not under 256 

• 


Generally speaking, the higher the titer test, th^ harder 
the soap. The table on p. ..€96 gives some constants 
of the fatty acids for comparison. 

‘ JS.C.L, 1918, 37, 262 T. 

n 


A. I. A. 
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, («) Origin of the Fatty Acids . — It will not Often be 
necessary to determine tlje nature of the fat from which 
the is derive^. ''As mentioned above, if an appreci- 
able quantity of soluble fatty acids is found by the pro- 
cess described under (e), the soap probably contains fatty 
acids derived from coconut or palm kernel oils. In 
*some cases it may be possible to determine the origin of 
the fatty acids by determining such constants as the 
solidifying point (titer test), saponification value, iodine 
value and.specific gfaVity, as described in Chapter III. 

The Results of the Analysis. — ^The* accompanying table 
contains typical analyses of various grades of soap, most 
of which are by C. Hope. As a rule, the most important 
of the determinations described above are those of water, 
alkali combined as soap, to be calculated as NajO, free 
caustic alkali as NaOH (or KOH), sodium (or potassium) 
carbonate, water inscduble material^ i.e., fillers or 
adulterants (see under {k)), fatty acids, calculated as 
anhydrides, and rosin acids. 


The Determination of Phenols and Neutral 
Hydrocarbons in Carbolic Soaps. 

The following method lor che analysis of carbolic 
soaps is due to Allen : Five grams of the sample are dis- 
solved in warm water, and 30 c.c. of a 10 per cent, 
solution of sodium hydroxide ar§ added. The alkaline 
solution is transfefred to a separating funnel and ex- 
tracted with ether. The ethereal solution is evaporated 
in a t^ed flask on the water bath, and the residue 
weighed ; this ref^due, which will consist of neutral oils 
of tar or other substances of a like nature which may 
have been added to the soap, may be appreciably volatile 
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at I00^ m wmcn case it will be difficult to get an accurate* 
estimate of its amount. 

Regarding tbe ether extraction, it nTay be pointed out 
that unless gL large excess of causti# soda is used, some 
of the phenols may ^e extracted from the solution of 
their sodium salts owing to their weakly acidic nature 
and the consequent liability of their salts to be hydro- 
lysed (cf. p. 90). Troublesome emulsions during the 
extraction may be avoided to som^ extent by not shaking 
too violently, and, if necessary, alcohol in amounts up 
to one-fifth of the Total volume may be added to break 
them down. If it is desired to get an accurate estimate 
of the neutral oils, the united ether extracts should be 
washed with water to remove the soap dissolved b^ the 
ether, and the residue should be dried by heating the 
containing flask to 50° while passing a current of dry 
air through it. • 

The alkaline liquid which has been separated from the 
ether is transferred to a more capacious separating funnel 
and treated with an excess of saturated brine, which will 
precipitate the soaps while the phenols ffemain in solu- 
tion. After agitating to coagulate the soap, the liquid 
is filtered ; in case the spap*should not coagulate easily, 
the .addition of a little tallow or palm oil soap dissolt'ed 
in water will often facilitate the separation. The pre- 
cipitated soap is washed twice with strong briTie, and 
the washings are added to the main filtrate, which is 
then diluted to i litre. 100 c.c. of this solution, which 
will be equivalent to 0*5 gram of soap, are placed in a 
500 cx. stoppered bottle an^ acidulated with sulphuric* 
acid, when it should remain perfectly clear ;* if precipi- 
tation occurs at this stage, the fatty adds wfU not have 
been completely removed. In such cases 200 c.c. of the 
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alkaline* liquid should be taken, and powdered salt dis* 
solved in it to saturation ; the solution thus obtained 
should then bq filtered through a dry filter, and loo cx. 
of the filtrjAc acidified as before. ,The phenol is then 
determined by titration with standard bromine water 
(see below), which is^run in from a burette, the stoppg: 
of the bottle being replaced and the contents agitated 
after each addition. The end point is readied when the 
solution acquires a permanent faint yellow tint. If 
crystallised phenol, has been introduced infte the soap 
the precipitated tfibromophenol will be precipitated in 
snow-white flocks which allow the faintest tint owing to 
excess of bromine to be observed quite readily. If, on 
the other hand, cresylic acid {i.e., the crcsols) has been 
added, the precipitate will be milky and will not sefiarate 
well from the liquid, though the end jxiint can still be 
observed. The •addition to tlie original solution of a 
known amount of pure phenol may cause the precipitate 
to coagulate, in which case the yellow colour due to 
excess of bromine will be more easily scefi . This addition 
must, of course, be allowed fqr in calcukting the result 
of the analysis. 

The bromine solutioi^ which is used for the Iitr!ition 
is conveniently prepared by mixing in a stoppered battle 
one measure of saturated bromine water with two 
measures of water. The resulting solution, which, is 
approximately of i per cent, strength, should be stand- 
ardised iipmediately after use by means *of a standard 
solution of phenol of the quality indicated by tha analysis 
to be present in the sample.^ The phenol soluflon may 
be made by dissolving 0*5 gram of the phaiol (usually 
either Calvert's No. 2 or No. 5 carbolic acM) in 20 c.c. 
of a 10 per cent, solution of sodium hydroxide with 
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5 grams of a non-phenolic soap. The solutioi/^is pre- 
cipitated with brine in tl\p same way as the solution of 
the sample undei; e^^amination, the filtrate diluted to 
I litre, and 100 c.c. acidulated with sulphifric acid and 
titrated with the bromine water. 

Carbolic soaps are often sold as^ containing 20. or 30 
per cent, of carbolic acid ; they may contain anything 
from I to 30 per cent, of phenol, derived either from 
pure crystallised phenol or the common cresylic acids. 
According, t to Allen,' the proportion of phenol found 
is occasionally less than that stated, .to be present, the 
difference probably being due to loss by evaporation. 


Phenolic Disinfectants containing Soap. 

The preparations to be dealt with^under this heading 
consist of creosote oil of coal tar phenqls, chiefly cresols 
(cresylic acid), to which soap has been added in order 
to form an emulsion or a homogeneous product which 
shall be readily’ miscible with water. As examples we 
may take the preparations known as creoline and lysol. 
The former consists of creosote oil and an aqueous 
solution of soda rosin soap„ which have been mixed to 
forin an emulsion. Being made from the crude creosote 
oil, it may contain some 40 to 60 per cent, of neutral 
hydrocarbons and about 10 to 20 per cent, of cresylic 
acid. ; the better the quality, the less of the former and 
the more of the latter will it contain. Creoline should 
form a permanent emulsion when mixed with water in the 
proportiDn of i to 40, the greater part of the cresylic 
acid dissolving as such, or as sodium salts, and the neutral 
hydrocarbons remaining suspended in the form of minute 
globules owing to the emulsifying action of the soap. 
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Lysol and sapocarfiol, on the other hand, are prepared* 
by mixing cresylic acid containing relatively ^all 
amounts of hydrocarbons, with rosin er a fatty oihsuch 
as linseed oif and saponifying the rojin or oil by treating 
thfi mixture with absolution of potash in water and 
alcohol. The viscous brown transparent liquid thu^ 
obtained is readily soluble in water. Lysol should con- 
tain at least 40 to 50 per cent, of phenols, and at most 
only about 3 or 4 per cent, of hi^drocarbons, in order 
that it may dissolve in water as completely a^ possible. 

Besides the products just described, there are a number 
of other similar preparations on the market containing 
varying proportions of cresylic acid, soap and hydro- 
carbons. Among these may be mentioned sanatol, 
saprol, solutol and salveol. Many sheep dips are dmilar 
in composition tod:he above, and may be- analysed by 
the methods givtn below. The latter preparations some- 
times contain sodium arsenate or soium carbonate in 
addition to or in place of the soap. 

Concerning the antiseptic values of Ihe various con- 
stituents of the coal tar oils, sge p. 92. • 

The Analysis of Creoline, Lysol, Sheep Dips, etc . — ^The 
estimation of neutral oil§ ofiar, coal tar phenols, pyildine 
bases and fatty or rosin acids may be carried ou^ as 
follows : 200 grams of the sample are made distinctly 
acid by the addition of sulphuric acid (i to.2), ^jmd 
agitated with ether in a separating fqnnel ; after separat- 
ing, the aqueous layer is again extradled with two 
successive portions of ether. If sufficient coaljtar oil is 
present to dissolve the phenols and fatty or roSin acids, 
the addition of ether may*be omitted. The pyridine 
bases may be estimated in the acid liquid, asidescribed in 
Chapter 11 ., under the “ Testing of Creosoting Liquor.'* 



200 Industrial Organic. Analysis 

The phenol and cresols may conveniently be separated 
fron\ the fatty or rosin acids by the method recommended 
by Fox and Barker.^ The mixture is distilled in a Wiirtz 
flask up to 220°, wj^en all the phenol and post of the 
cresols distil over together with some or all of the tar 
gils, the fatty acids being left b&ind practically un- 
changed. The phenols and neutral oils which have dis- 
tilled may then be estimated by the methods described 
for creosoting liquor on p. 95 et seq. 

Soda or .potash may te estimated by burning off about 
5 grams of the original sample in a pktinum crucible or 
dish, treating the residue with successive small portions 
of concentrated sulphuric acid, and weighing the ignited 
sodium or potassium sulphate in the usual manner. 
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CHAPTER V 

PETROLEUM AND ITS DISTILLATION PRODUCTS — LUBRI- 
CATING OILS 

Introductory 

The petroleums, or mineral oils, are usually more or 
less viscous, dark brown or black fluids having specific 
gravities lying between 073 and 0*97. Chemically, they 
consist of complex mixtures of hydrocarbons together 
with smaller quantities of oxygen, nitrogen and sulphur 
compounds ; the nature* of the hydrocarbons varies with 
the locality from which the petroleum is obtained, and, 
to a smaller extent, with the age of the well. Most 
petroleums distil over a wide ra*nge of temperature and 
yield a varietj’ of important products such as motor 
spirit, burning oil, lubricating oU, etc., while the residues 
which remain after distilling o^ the more volatile por- 
tioES have in recent years found a most important use 
as fuel for internal combustion engines. 

j^omposition of the Petroleums , — ^As examples, we may 
take the petroleums of Pennsylvania, U.S.A., and the 
Caucasus, which together constitute^ by far the greater 
part of the world's supply of this commodity. 

Pennsylvania petroleumj which usually has a specific 
gravity lyiflg between 0*80 and 0*87, consists chiefly of 
paraffins from pentane (b.p. 38®) up to the solid 
; higher members of the series, such as Ci^Hgi 
202 
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and are alsb known to be present. The portions 

boiling above 200® probably contain olefines in addition 
to the paraffins ; as is also the case* with the other petro- 
leums, manf of the higher boiling constituents are of un- 
known constitution. Aromatic hydrocarbons are present 
only in small amount? Pennsylvania petroleum is accon\- 
panied by hydrogen and the members of the paraffin 
series which are gaseous at the ordinary temperature. 

Caucasian petroleum has a higher specific gravity than 
Pennsylvania petrojeum, usually *from o*88 tu 0*94, and 
differs widely from the latter in chemical composition. 
According to Markownikoff, it contains at least 80 per 
cent, of naphthenes, i.e., polymethylenes and their alkyl 
derivatives, among which pentamethylene, hexamethy- 
lene, methyl hexamethylene and other similar compounds 
of known constitution have been recognised. The naph- 
thenes resemble^the paraffins ifl being saturated bodies 
which are not acted on by concentrated sulphuric acid or 
potassium permanganate ; with the halogens and dilute 
nitric acid, they yield •halogen and nttro substitution 
products respectively. In adffition to IJie naphthenes, 
Russian petroleum contains about 10 per cent, of aro- 
matic hydrocarbons, and les§ than i per cent, of paraffins. 
The higher boiling fractions appear to contain uns^tu- 
rated substances such as olefines and naphthylenes, the 
latter being olefine analogues of the naphthenes. Like 
Pennsylvania oil, Russian oil contains a number of sub- 
stances of unknown constitution, especially in the higher 
boiling fractions. * . 

From the foregoing it will be gathered that^the two 
classes of petroleums described show important differ- 
ences in their behaviour on distillation. Generally speak- 
ing, Pennsylvania petroleum distils over a wider range 
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t)f temperature, and contains a muct larger proportion 
of volatile matter thjn Russian petroleum, the residue 
from 'the latter being larger in amount and more fluid 
in consistency than ^hat from the former. ^Fhe primary 
products of distillation of the petroleums are as follows : 
^i) Up to 150®, light oils or mineral naphtha, specific 
gravity 0*65 to 0*67, from which are obtained by frac- 
tional distillation various mixtures of light hydrocarbons 
which are used as fu^l for motor engines, extraction and 
cleaning phrposes, and burning naphtha. (2) 150® to 
300°, illuminating oils, such as kerosene or solar oil, 
specific gravity 075 to 0*87. (3) Residuum, which in 
the case of Russian oils is generally used as fuel, and in 
the case of Pennsylvania oil, distilled under vacuum or 
ordinary pressure for lubricating oils, the residue in the 
latter case being worked up for vasaHne, solid paraffins 
or paving asphalt. If ‘the distillation is carried to a 
finish, the residue consists of a coke-like material which 
may be used as fuel. 

The method of distillation depends on the nature ot 
the petroleum rand the nature of the products required. 
Russian petroleum is distilled by the continuous process, 
the ‘material passing through 9. series of stills kept at 
progressively increasing temperatures ; the distillate is 
divided into two portions, gasolene and kerosene. The 
for^ner is redistilled till the distillate has a specific gravity 
of 0750, and the residue added to the main kerosene 
fraction, which is distilled till the specific gravity of the 
distillate reaches about 0-825. The total residue, which 
has a 5 i>ecific gravity of ^0-903, if distilled, will yield 
about 10 per cent, of solar oil, of specific gravity o-86 
and flash point 105® F., as determined by the Pensky- 
Martens apparatus, and about 3$ per cent, of lubricating 
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oils, the*final residue being used as fuel. Compared with * 
Pennsylvania petroleum, Russian petroleum yields a 
relatively small proportion of light petroleum and burn- 
ing oil, the yield of the former, whjfh includes benzine 
of specific gravity a^out 0725, an^ heavy benzine or 
gasolene of specific gravity about 0770, being about 4 
to 6 per cent., and of burning oils, about 27 per cent, of 
kerosene of specific gravity about 0*822 and 5 per cent, 
of solar oil of specific gravity about o*86 to o-88. At 
Baku, about 30 to 40 per cent, is generally dtstilled off, 
the residue, known as “ astatki,” being used as liquid fuel. 

Pennsylvania petroleum cannot be distilled by the 
continuous process, owing to the large amount of burning 
oil which it yields, and the’ viscous nature of the residue. 
When submitted to the simple distillation process, it first 
yields gaseous para^&ns which are either burnt as fuel or 
condensed by prtssure and cooled by expansion ; owing 
to the growing scarcity of the lighter petroleum fractions, 
the latter procedure has become more common in recent 
years ; the gasoline is formed by the corfdensation of the 
heavier hydrocarbons of the ga^ while sonie of the lighter 
gaseous constituents dissolve in the liquid. Cymogene, < 
b.p. 0°, and rhigolene, l^.p. 8®, are used in surgery for 
freezing. The light petroleum or petroleum naphtha’ 
fraction is taken till the specific gravity of the distillate 
reaches 0*725 to 0*750 ; it includes gasoline, .specific 
gravity 0*625, petroleum ether, spqpific gravity 0 * 565 , 
naphtha, specific gravity 0*676, and ben%ine,^ specific 

* Distinction must be made between benzine, which iawobtained 
from petroleum or mineral naphtha, and benzene, the«irumatic 
hydrocarbon obtained from beifSbl, the distillatiop product of 
coal tar naphtha. The terms petroleum spirit and light petroleum 
are also used to designate the more volatile distillation products 
of petroleum naphtha. 
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•gravity 0736, these amounting to 9 to 18 per cent, of the 
total. The kerosene^ fraction is taken until the specific 
gravfty of the distillate reaches 0*840 to 0*845, 
average yield of bu-ming oils being about 55 per cent. 
The residue is transferred to other, stills and distilled for 
lubricating oils, the average yield of the latter, if dis- 
tilled under ordinary pressure, being about 17 per cent. 
The solid paraffin amounts to about 2 per cent., and 
coke residue about, ;o per cent. Distillation of the 
residue by the vacuum process gives a much larger 
yield of lubricating oils and vaseline.'' 

Lighter oils may be produced from heavier oils by a 
process of destructive distillation known as “ cracking.'* 
The vapours of the oil are allowed to condense on the 
walls* of the still, and on falling back into the hot residue 
they are decomposed. The nature of the products 
depends on the temperature, pressure,* and the relative 
volumes of liquid and gas in the retort. At the highest 
temperatures gas and coke are obtained. In order to 
obtain a maximum yield of petrol-like products which 
are nowadays ki great demand, it is necessary to use low 
temperatures and high pressures. Certain substances, 
such as colloidal graphite, ‘appear to have a catalytic 
action furthering decomposition, and their use admits of 
lower temperatures being employed. If the volume of the 
liqpid is about one-third to one-half of that of the gas 
or vapour in the r«tort, and the pressure 50 to 60 kg. 
per sq. cm., a 50 to 70 per cent, yield is obtained of a 
product which is usable as petrol and has a specific 
gravity' of 0*700 to 0*710, together with gas and coke. 
Benzene ahd toluene are among the products obtain- 
able : the«^experience of recent years has shown that 
benzol forms an efficient substitute for petrol. This is 
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a poinlf of importlince, as the demand for petrol has* 
increased enormously, especially since the development 
of airaaft. (See also p. 39.) • * • 

Regarding Ae petroleums from other parts of the 
world, the (Jalician and Roumanian oils are intermediate 
betw^fen the Pennsylvania oils on the one hand, and the 
Russian oils on the other, in respect to chemical com- 
position and general properties. The specific gravity 
of these oils is usually about 0-870. The petroleums 
obtained from Germany and Ohio,*U.S.A., also contain 
both paraffins and, naphthenes. Californian petroleum 
contains only a small percentage of low boiling con- 
stituents ; it contains no paraffins, but naphthenes and 
aromatic hydrocarbons, the latter often being present 
in considerable amount. Appreciable quantities of 
oxygen and nitrogen compounds are also present. 
Texan petroleun^does not, as atule, commence to distil 
below 240®, and consists chiefly of unfeaturated hydro- 
carbons of high molecular weight. Canadian petroleum 
contains paraffins and olefines, more jrromatic hydro- 
carbons and less light paraffins than Pennsylvania oil. 
Indian petroleum consists chiefly of naphthenes, with 
some benzenoid hydrocarbons. 

In 1914 the United States produced about two-thijds 
of the world's supply of petroleum, Russia about 16 per 
cent., Mexico 6 per cent., Roumania 3 per cei^jt., and 
other countries percentages varying from one-half to 
two and a half. The greater part of the >^rld's supply 
of burning oil and light petroleum, or benzine, is (^tained 
from the American, and some of the Roumaniim and 
Galician oils. The lubricatiilg oils obtained ^om these 
are generally heavier, more viscous and of higher solidi 
fying point than those obtained from the Russian oils 
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Oils for lubricating steam cylinders, ^hich require to be 
fairly thick and viscous .on account of the relatively 
high temperatures at which they are used, are therefore 
obtained best from^ the American petroleums. Crude 
petroleums containing little or no volatile hydrocarbons 
coming under the heading of light petroleum or burning 
oils, will, no doubt, find increasing use as liquid fuel for 
internal combustion engines of the Diesel type, the only 
preparation necessary being the removal of water and 
solid matter by the settling out process to which crude 
oils are generally subjected. The use of Russian 
petroleum residue as liquid fuel has already been 
alluded to. 

The various fractions obtained by the distillation of 
crud^ petroleum are refined, where necessary, by treat- 
ment with limited quantities of concentrated sulphuric 
acid, and subsequent Washing with dilute caustic soda 
solution and watk. Impurities which colour the oil and 
give it an objectionable odour are thus removed. If 
sulphur compovtnds are present nn appreciable quantity, 
they are removed generally by treatment with lead or 
copper oxide ; either the fractions are redistilled over 
the metallic oxide, or the vapours are allowed to pass 
over it. In Canada, burning oils are desulphurised by 
treatment with a solution of litharge in caustic soda 
solution. 

The Examination of Crude Petroleum. 

Owing to the complex nature of crude petroleums, 
these are a but rarely examined by purely chemical 
methods ip technical laboratories. By means of the 
distillation test, described below, the nature and 
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amount the distillate to be expected may be deter- 
mined, and the oil may be roughly dassified. The specific 
gravity may also be used to help in*classitying and com- 
paring petrdleums. The determination of extraneous 
matter, i.e., water and sediment, will.also be described. 

Wat^>t.—A weighed quantity of the oil, about loo to 
200 grams, is mixed with about a third of its bulk of 
toluene, and distilled from a flask heated in an oil bath ; 
the distillate is collected in a graduated cylinder. The 
distillation is stopped when no more water Is seen to 
come over, and the vessel containing the distillate is 
warmed and gently shaken so that the water adhering 
to the sides falls to the bottom. The volume of the 
layer of water at the bottom of the cylinder is read off 
after cooling. • 

The water may ^so be distilled off for measurement 
without the addjjtion of toluend. Shewsbury^ recom- 
mends the following method : A 500 c.c. distilling flask 
is fixed so that the side tube is at right angles to the 
bench and inserted into 25 c.c. cylinder graduated in 
tenths or fifths, the bore s>f which is not^much greater 
than the diameter of the side tube. The cylinder stands 
almost completely immersed,in a vessel which is codied 
by running w^ater. 100 c.c. of the oil, or a volujjie 
equivalent to 100 grams, is placed in the flask with a 
few pieces of dry pumice. The surface of th§ flasjc 
uncovered by the oil is first heated by a Bunsen flame 
which is kept in constant motion, the heating being 
continued downwards from above, occasionally beating 
bdow the surface of the oil. The process is finiifhed by 
distilling a few c.c. of the oilTtself, taking care not to 

^Analyst, 1914, 529; see also Allen and Jacobi, Technical 
35, U.S.A. Dept, of Interior, Bureau of Mines, 19x2. 

Aia. 14 
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•allow any condensed drops to roll bdck into the hot oil, 
and. to keep the bottom of the side tube above the level 
of the distillate. 'The cylinder is finally rotated in order 
to assist the settliijg out of the water, aiid petroleum 
ether may be added to accelerate this process. The 
percentage of water is read off when no further increase 
in volume occurs. 

Other methods have been based on the measurement 
of the volume of gas evolved by the action of calcium 
carbide oi* sodium. Calcium carbide gives low results 
owing to the solubility of acetylene in the oil. 

Sediment . — 5 to 10 grams of the oil are well mixed 
with 100 to 500 grams of benzene and allowed to stand 
overnight ; the benzene and petroleum mixture is then 
fiJtefed through a weighed filter, and the insoluble residue 
washed with benzene, dried at 100® ^and weighed. The 
sediment estimated will consist of mineral matter, and 
will not include' any solid pitch or asphalt which may 
exist in the oil, these being soluble in benzene. 

Specific Gravity . — If the oil is not too thick, a hydro- 
meter may b(^, used. TJie oil is poured into a cylinder 
of suitable size and allowed to stand for some time to 
acquire the room temperat,nre. The float is allowed to 
sink gradually into the oil, and its level read after fifteen 
minutes, the reading conesponding with the level of the 
lyjuid tbeing taken. In the case of dark oils, the level 
to which the oil rises up the stem of the float is read off, 
and 0‘00i5 or o-ooio is added to the reading, according 
as the paper scale is shorter or longer than 16 cm. The 
temperature may be read off from the thermometer on 
the float, or, failing this, the room temperature may be 
taken. Iw order to reduce the reading to 15®, a correction 
of 0*00065 per degree Centigrade may be applied. 
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If tM specie ^vity bottle is used, and the oil is* 
thick, the bottle should first b§ nearly filled with the oil 
and allowed to stand in a warm place overnight, in order 
that all air •bubbles may rise to the top. The bottle 
and its confents are then cooled to ^5° by allowing to 
stand in a water bath at that temperature, filled up and 
weighed in the usual way. 

Distillation Test , — The test to be described is originally 
due to Engler, certain modifications having been intro- 
duced by Ubbeloh^e. The metfiod is empirical, but 
gives uniform resuUs if the prescribed dimensions of the 
apparatus and conditions of distillation -are adliered to. 

If the oil contains much water, it should first be dehy- 
drated by means of calcium chloride, to avoid frothing 
in the distillation. 100 c.c. of the oil are distilled "from 
a flask of the form jnd dimensions shown in Fig. 15. A 
Liebig condenser^ may be used,* and the fractions are 
collected so that they may be weighed or measured. 
The distillation should be carried out so that the dis- 
tillate collects at a unifown rate of two dfops per second. 

At first the flask should be heated on wire gauze, and 
subsequently a free flame may be used. The first, or ' 
naphtha fraction, is collected until the temperafbre 
indicated by the thermometer is 150° ; the receiver,is 
then changed for the kerosene fraction, which is collected 
between 150® and 300°. In the case of Russi^i and 
Galician oils, the kerosene fraction should only be col- 
lected up to 285° and 275® respectively, the bils obtained 
at higher temperatures from these petroleum^ being 
unsuitable for burning in lamps as they cause eAessive 
charring of the wick. What remains in the flask after 
distilling off the kerosene is weighed as residuum. If 
desired, separate fractions may be taken at more frequent 



2J2 Industrial Organic. Analysis 

intervals, say, every 25® ; this is, however, only advis- 
able* if the yield of distillate is large. If the oil only 
yields very little ‘distillate up to 300®, ^larger flask, 



Fig. 1^. — Petroleum Distillation Flaslc according to Engler. 

^ Dimensions in cm. 

say of 14(5 c.c. capacity, must be used, or the quantity 
of oil taketo must be reduced to 80 or 90 c.c. ; the heated 
oil will otherwise' expand so aS to All the flask to such 
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an extent tnat it may oe carried over mechanically 
during the distillation. The sam^ precautions must be 
taken if the jnaterial under examination consists of 
petroleum Residue. , 

Various petroleuni^ of known origin should be com- 
pared by this method. Petroleum is examined for excise 
purposes in specially constructed metal stills of standard 
dimensions. For a method of examining petroleum for 
technical purposes, duplicating the manufacturing opera- 
tions on a small scale, see Holde's work mentioned at 
the end of this chapter. 

The following table gives the specific gravities and 
distillation results of some petroleums : — 



• 

Specific 
* gravity. 

Pe^ol 
fraction 
per cent. 

Kerosene 
fraction 
including 
,up to 
350 °. per 
cent. 

• 

Lubri- 
cating oil 
fractions 
and 

Residues, 
per cent. 

Pennsylvania 

079 — 0*82 

10 — 20 

• 

55—70 

10—20 

Galicia . 

0’82“~ o *9 o 

y— 20 

35-^0 

30—45 

Ohio . 

0*80—0*90 

10 — ^20 

30—40 

35-150 

Balcu . 

(5*83—0*90 

* 2—10 

• 

25—35 

50-65 

• 


The Examination of Petroleum Naphtha And 
Distillation Products. 

Petroleum naphtha is usually understood to^ include 
the portion of the distillate from crude petroleum which 
comes over below 150® ; oii* redistillation, however, it 
is generally found to contain up to 10 per gsnt. of oils 
distilling above this temperature. Jlotor spirit was 
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formerly understood to be derived from the fraction 
distilled up to abou^ 150°, but of later years portions 
from the higher boiling kerosene fractioi> have been 
included in it owing» to the demand for the lighter spirit 
exceeding the supf)ly. Petrol products consist chiefly 
of cither naphthenes or paraffins, or mixtures of these 
substances in any proportion. Products obtained by 
crack distillation are characterised by the presence of 
notable amounts of uncaturated hydrocarbons. 

The various products which art‘. obtained by the 
fractional distillation of petroleum * naphtha are best 
characterised by their specific gravity, which may be 
determined by means of a float or the Westphal balance, 
which is described in Chapter II., p. 50. The results 
may be calculated to 15® C. from the data given in the 
following table, which i% due to Mcndeleeff : — 

I 

For Specific Gravities from Correction per ® C. 

0700 tp 0720 . . . . 0*000820 

0*720 „ 0*740 . . * . . 0*000818 

0*740* „ 0*760 * . . . . 0*000800 

0*760 „ 0*780 . . . . 0*000790 

0*780 „ o*8oo * .. * 0*000780 

The most important uses of the petroleum naphtha 
distillafes are as fuel in internal combustion engines, and 
as solvents for extraction ot organic material, as, for 
example, the extraction of fatty oils, and fats from seeds 
and othfer vegetable products. 

Formerly, petroleum spirit of specific gravity about 
o*68o was used for internal combustion engines, but with 
the rapid development of the motor industry heavier 
grades came to be used, and this tendency was accentu- 
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ated during the wlir. The specific gravities of Nos. i, 
2 , and 3 war spirits are about 0725, 0730, and 0740 
respectively. Bus spirit," whic*h is useful only for 
heavier vehicles, has a specific gravity of 0765 or even 
higher. The specific gravity is no^ absolute criterion 
taken by itself, for a normal average specific gravity 
would be shown by a mixture of light and heavy petrol 
fractions, while the presence of benzol, either natural or 
added, would materially raise the specific gravity (see 
p. 55), and a mii^ture of this ‘description* would be 
decidedly superior, to a purely aliphatic petrol fraction 
of corresponding specific gravity. The presence of 
naphthenes also raises the specific gravity, thus cyclo- 
hexane has a specific gravity of 0783. 

Colour and Foreign Matter . — Petroleum spirit or^jetrol 
should be water wjjite and free from objectionable odour. 
Objectionable o(Jour is sometimes masked by the addition 
of small quantities of turpentine or rOsin oil and treat- 
ment with alkali. Water in small amounts is easily seen 
in the sample. Acids •or alkalies or hydrogen sulphide 
may easily be detected in an aqueous gxtract ; if sul- 
phuric acid should be found it will probably be acid 
which has not been removed after the refining process. 
Sulphur . — ^Blount ^ states that of the methods infuse 
for the determination of sulphur in petrol, the Carius 
method is the only dependable one, and will give good 
results with close and careful work. It must be rentem- 
bered that very high pressure will be developed in the 
sealed tube. According to Blount, the sulphur^in petrol 
usually amounts to less than o*i per cent. » 

The above directions may also be used iu the exami- 
nation of motor benzol (see p* 71). . A |^gh sulphur 

1 Analyst, 1918, 43, 89. 
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.content will give rise to corrosion oV the internal parts 
of the engine owing to. the sulphurous acid which is 
formed. 

Fractional Distillation Test . — Certain rougt preliminary 
tests have been proposed : for example, a good petrol 
should leave no oily mark when evaporated on filter 
paper, or the time taken for the spontaneous evapora- 
tion of 10 c.c. in a porcelain dish may be noted, the 
times varying from under two hours to over four hours. 
For accurate information, however, ^he petrol should be 
fractionally distilled. The following method, recom- 
mended by Anfilogoff,^ resembles those devised by 
Ubbelohde and Holde and by Redwood. loo c.c. of 
the sample are distilled from a 150 c.c. Engler flask 
(see p. 212) connected with a condenser having a 24-inch 
straight glass inner tube and an ig-inch jacket ; the 
inlet end of the inner 'tube should preferably not be 
enlarged. The thermometer, which is preferably not 
calibrated for the first four inches, is not placed in the 
usual position shown in Fig. 15, but with the top of 
the bulb half ^n inch below the outlet of the side tube ; 
the readings are thus rendered more independent of the 
effect of dight draughts. ,The method further differs 
fro;n that of Ubbelohde and ftolde in that the initial 
boiling point is noted at* the temperature at which the 
first drpp falls from the thermometer and not from the 
ouflet end of the condenser. Distillation is carried out 
at the rate cxf two drops per second till the bottom of 
the flasl^ is dry, the process occupying twenty minutes. 
The revolts are claimed to be not very divergent from 
those obtainable with the use of a Young eight pear 
column (se^ p. 52) and to represent the same per- 
^ y.s.c.i., 1918, 37, ai T. 
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centag^ of distillates as are obtainable on a large scale.* 
The volume of distillate obtained^ is usually mea^red 
every ten degrees, the percentage volume obtained up 
to 100® being the most important^ Kissling^ recom- 
mends for the testin^g of petrol for ^mall quantities of 
high boiling constituents that the distillation should be 
stopped when 95 per cent, has distilled, and the residue 
be transferred to a clocic glass and allowed to evaporate 
for five to ten hours at the ordinary temperature. A 
fairly thick oil is obtained from inferior grades of petrol 
by this method. • 

If an unduly large proportion of high boiling con- 
stituents are present, the petrol will not evaporate with 
sufficient rapidity on entering the explosion chamber, 
especially in cold weather. It is also obvious that ^trol 
spirit which is to be used for extraction purposes must 
not contain high boiling constituents or it will only be 
removed with difficulty from the ex’tracted material. 
Formerly it was considered that a good motor petrol 
should be completely volatile below ido° or only yield 
about 5 per cent, above thi^ temperature. Require- 
ments are less stringent nowadays ; for example, Anfilo- 
gofi found by his method 41; 31, and 21 per cent, volatile 
up to 100® in the cases of Nos. i, 2, and 3 war spirits 
respectively, and 6 and 10 per cent, for bus spirits. 
Under present conditions motor spirit completely* volalj^e 
from 170® to 180® would be considered good. 

Benzol in Pdfro/.— Aromatic hydrocarbon^ are present as 
natural constituents in many petroleums (see pp. 203 to 
207), and mixtures containing added benzol are likely to 
be met with in future with increasing frequency owing 
, to the recognition of benzol as an effieient«motor fuel. 

1 Qiem. Zdt., 1908, abs. Analyst, 1908, 368. 
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•Aromatic hydrocarbons may be detected by their smell, 
an(}, their presence may also be indicated by the sample 
having a relatively high specific gravity (see pp. 215 and 
55) and yet giving far better results in tl\e distillation 
test than would be expected froqi a petrol consisting 
only of aliphatic hydrocarbons of the same specific 
gravity. The effect of naphthenes which are present in 
varying amounts in many petrols is similar (see p. 215, 
and below). 

According to Holde, aromatic hydrocarbons may be 
detected as follows : A small quantity of the petrol is 
treated with a little powdered asphalt (sufficient to 
cover the point of a penknife), which has been freed 
from mineral matter (by solution in benzene and filtra- 
tion)* and repeatedly washed with petroleum ether of 
specific gravity 070 to 0*71 in ordei; to free it from its 
more soluble const ituc'nts. The pctrpl containing the 
asphalt is passeef through a small filter into a test tube ; 
if the filtrate is colourless, benzene hydrocarbons are 
absent ; if broVn, benzene or toluene are probably 
present, , 

If a few cubic centimetres of light petroleum contain- 
ing ‘benzene or toluene be shal^en in a test tube with a 
mixture of concentrated nitric and sulphuric acids, the 
mixture will sooner or iater become warm, while the 
uj^per layer will develop a yellow coloration ; on pouring 
into water, there will be a separation of yellow, oily 
drops, having the characteristic odour of nitro-benzene. 

Fornianek has proposed the use of indanthrene dyes 
which hre soluble in aromatic hydrocarbons but not. in 
aliphatic hydrocarbons, on the same lines as the asphalt 
test just described ; a series of standards of known^ 
composition are made for purposes of comparison. 
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Dragon’s blood may be used in a similar way, shaking* 
up 0*2 gm. ot dragon's blood ^ith 30 c.c. of, the 
sample in a^njall stoppered bottle ; petrol or kerosene 
only become coloured faintly pink^wliile the aromatic 
hydrocarbons take up a deep rod colour. These 
colorimetric tests only give very rough indications. 

The estimation of benzene and toluene in petroleum 
or petrol by the sulphonation method (cf. pp. 65 and 66) 
has been carefully studied by Thole, ^ who recommends 
the use of 98 per ceit. sulphuric acid for the feason that 
fuming acid attacks the naphthenes and some of the 
paraffins to a certain extent. As the result of a number 
of experiments, the temperature limits of 40® to 95® 
were fixed on for collecting the fraction in which the 
benzene is to be estimated, and 95® to 122® for the 
toluene fraction. •These “ cutting points " were so 
chosen that th® benzene whicli is missing from the 
benzene fraction shall be as nearly as possible balanced 
by the amount of toluene which passes over too soon, 
and similarly the amouftt of toluene wluch is missing in 
the toluene fraction is balanced by the benzene and 
xylene which find their way into this fraction. This 
scheme is claimed to b^ satisfactory for mixtures •con- 
taining up to 30 per cent, of aromatic hydrocarbcuis. 
The mixtures were distilled through a five-section Young 
Thomas fractionating column at the rate of one <^pp 
per second, which is lowered to two drops in three 
seconds when a temperature within three degrees of the 
cutting point was reached. * 

The procedure of directly measuring the un 2 ttacked 
hydrocarbons (see pp. 65 and 66) was not adopted owing 
to the experimental error to which such piocesses are 
» j.s.c.r., 1919. 38. 39 T. 
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subject, one disturbing factor beyig the appreciable 
solubility of non-aromatic hydrocarbons in the acid 
solution of sulphonic acids. The methpd is analogous 
to the one described on p. 63 for the determination of 
carbon disulphide.in benzol. Three volumes of 98 per 
cent, sulphuric acid and one volume of the sample are 
shaken vigorously together in a stoppered 50 c.c. cylinder 
at frequent intervals during half an hour. The mixture 
need not be cooled unless the sample was rich in aromatic 
hydrocarbbns. i.e., containing more than 50 per cent., 
in which case it may also be necessary to separate the 
supernatant spirit and treat it with a fresh quantity of 
acid. The percentages of benzene or toluene are. calcu- 
lated from the specific gravities of the spirit before and 
after treatment with sulphuric acid, taken by means of 

a Sprengel pyknometer : — , 

% 

, , Initialsp.gr.-FiiYalsp.gr. 
romatic ^ aromatic - Final sp. gr. 

The specific gravities used were : benzene, i5*5°/4®, 
0*8841, tolue^je, 0*8712. ^ It is not necessary to wait for 
complete separation of the layers, as all that is required 
is a'sample of the supemataqit spirit suitable for a specific 
gii^vity determination. It is shown that the error which 
might possibly arise through the naphthenes being more 
r^dily, soluble in the sulphonic acid solution than the 
paraffins is comparatively small. Regarding the com- 
position of the non-aromatic portion, the specific gravities 
of the 4P® to 95° fractions after treatment with sulphuric 
add varied from 0*688 to 0*722, and the 95® to 122® 
fractions from 0*718 to o*/47, the lower spedfic gravities 
indicating ^he presence of paraffins and the higher ones 
the predominance of naphthenes. 
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Ol^nh. It muA be remembered that unsaturated, 
hydrocarbons are absorbed by ^rong or fuming sulphuric 
acid, and complications may thus* be introduced .into 
the above aid similar methods. The amounts of ole- 
fines contained in straight distilled p*etroleum spirits are 
however generally negligible, but in spirits obtained by 
crack distillation they may be considerable. This point 
is illustrated by the iodine values (sec p. 126) of the 
different products. Thus the iodine values of straight 
distilled petroleum paphthas hav£ been found to range 
between 0 and 7, and those of cracked products between 
75 and 100 in the case of the light spirit distillates, and 
between 65 and 75 in the case of the illuminating oil 
distillates.^ Small amounts of olefines may easily be 
detected by their action on potassium permanganaite. 

Turpentine and Jtosin Oils , — Holde recommends the 
following test fo|^ small quantities of turpentine or rosin 
oils, either in pure petrol or in petrol containing benzene 
or homologues of the latter. Bromine vapour is allowed 
to flow into a test tube containing a little of the benzine ; 
on shaking the benzine should immediat^y take up the 
red colour of the bromine ; if, however, turpentine or 
rosin oils be present, traces qf added bromine will rapidly 
be absorbed, owing to flie unsaturated nature of these 
substances. This test may, however, be masked by the 
presence of the olefines contained in cracked products. 

The Examinatiqji of Kerosene or Burning Oil. 

Kerosene, or oil for burning in wick lamps, is obtained 
by redistilling the fraction wdiich succeeck the naphtha 
fimetion in the distillation of crude petrqjeum. The 
i^omptee Rendus, 1910, 150, 1338. 
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.refining process usually consists in treatment with strong 
sulphuric acid and subsequent washing with dilute alkali 
and\water, and, wh*ere necessary, desulphurisation as 
indicated above. The specific gravity of "American kero- 
sene usually lies bAween 0790 and o-8oo, and that of 
Russian kerosene laetween 0-821 and 0-823, the. latter 
generally being a more homogeneous product than the 
former. A parallel product obtained from shale oil has 
a specific gravity of about 0-800. A good kerosene 
should be water whife', or, at the most, of a light yellow 
colour. Although the degree of colc^ar of burning oil is 
otten made the basis of commercial transactions, this 
cannot be regarded as giving any real indication as to 
the degree of refinement or the ability of the oil to burn 
free from soot and smell and with a steady flame. Burn- 
ing oils may be examined colorimetrically by Lovibond's 
tintometer, using the coloured glasses specially made for 
the purpose. 

The most important tests to be carried out on burning 
oils are the distillation test, the specific gravity, the 
flash point, an^ the sulphuric acid test for the degree of 
refinement. Impurities such as sulphur and free acid 
should also be tested for. 

Distillation Test . — This test may be carried out with 
the Engler apparatus, as described above for crude 
petroleum (p. 21 1). The temperature of the beginning 
of^the distillation is taken when the first drop of dis- 
tillate falls from the end of the condenser. Fractions 
are taken every 50® from 150® to 250®, and then every 
25® up tc 300® . What remains is estimated by difference . 
The end point for each fraction is the point at which 
after cooling at Jeast 20® and reheating to the highest 
temperature at which the fraction is to t>e taken, not 
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more tham six drop# of distillate run from the condenser,, 
the process of cooling and heating being repeated till 
this result is obtained. The voluifle of each fractipn is 
measured afi%r "cooling to the room temperature. 

Distillatioh should not commen(^ below iio°, the 
yield ^elow 150° should be at most* 10 per cent., and 
the yield above 300° at most 15 per cent. Better class 
oils yield 85 to 90 per cent, between 150° and 300°, and, 
at most, 5 per cent, above 300®. The higher the per- 
centage of light oils, the greater thC danger of explosion 
when the oil is bujnt in a lamp, while the higher the 
percentage of high boiling constituents, the more liable 
will the oil be to clog in the wick and cause charring and 
uneven burning. 

specific Gravity . — ^The specific gravity of kerosene may 
be determined by any of the usual methods, as indicated 
under the heading of petroleum aaphtha. The tempera- 
ture correction per ® C. for reducing results to 15®, as 
determined by Mendel6eff, varies from 0*000790 for 
specific gravities between 0*760 and 0*780, to 0*000710 
for specific gravities between 0*850 and 0*860. The 
specific gravity is mainly used "as a test ot identity, and 
is of little use, taken by itself ; thus a burning oil might 
very well contain large •proportions both of light and 
heavy oils and yet show a nor/nal specific gravity ; in 
a case like this, the inferior quality of the oil would only 
be revealed by the distillation test. 

Flash Point . — ^The flash point of burning 9ils is usually 
determined in specially constructed closed testers," 
which will be found described in the works of reference 
mentioned at the end of thisx-hapter. The ojl is gradu- 
ally heated while a small flame is broughi;near its surface 
from time to time ; the temperature at which the oil 
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.begins »to give off sufficient inflammkble vapouf to pro- 
duce a flash is taken as the flash point. The test thus 
give\ an indication 6f the degree of safety with wliich 
the oil may be used in a lamp ; the greatel' the propor- 
tion of lighter constituents, as shown by the distillation 
test, the lower will be the flash point and the greater 
the danger of explosion. In Great Britain and Canada 
the Abel tester has been adopted as the standard instru- 
ment, the minimum flash points, as laid down by the 
laws of these countries, being 73® F. and 85° F. respec- 
tively. In Germany and Russia, both the Abel and the 
Pensky-Martens instruments are used, the minimum 
flash point allowable being 21® C. (70® F.) in Germany, 
and 28® C. (84-4® F.) in Russia. In the United States 
various standard instruments and minima have been 
adopted in different states. 

Degree of Refinement-^-‘The following method for deter- 
mining the degree of refinement of burning oils by the. 
colour which they impart to concentrated sulphuric acid 
has been recommended by the Baku section of the 
Russian Technical Society. 100 parts by volume of the 
oil are shaken for two minutes in a ^lass-stoppered 
cylinder, with 40 parts by volume of sulphuric acid of 
specific gravity 173, at a temperature not exceeding 32®. 
The acid is then separated off and transferred to a 
cylinder of white glass, where it may be compared, as 
regards colour, with solutions of Bismarck brown, of 
known strengths, contained in similar cylinders. The 
layers of liquid observed should be of equal depth, and 
the cyknders should be placed on a uniform white sur- 
face. The„ test solutions- are prepared as follows : A 
solution cqntairdng 0*5 gram of the colour per litre is 
first prepared, and from this ten solutions are made by 
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dilution •with watef ; me nrsi ana lightest contains i 
pact of the stock solution to 99 parts of water, the 
second, 2 parts to 98 parts of wat^r, and so on tg'the 
tenth and d;irk%st, which contains 10 parts of the stock 
solution to *90 parts of water. 'Wiese solutions are 
numbered from i to 10, passing frdm the lightest to 
the darkest, and the burning oil is marked according 
to the solution with which the sulphuric acid extract 
most nearly corresponds in tint. 

As most petroleums are found to'come witliii] the limits 
of I to 8, the latter* mark is taken to be the maximum 
limit for a marketable product. 

Impurities . — Certain petroleums, notably those from 
Ohio and Canada, contain notable amounts of sulphur 
compounds which it is necessary to remove by special 
processes of refining, as kerosenes containing more than 
the slightest traces *of such impunties will give a notice- 
able odour of sulphur dioxide on burning. 

Owing to the relatively small amounts of sulphur 
present, even in the wojst cases, special methods must 
be employed for the determination of this constituent. 
One of the methods most coirftnonly employed is that 
of Allen, modified by Heussler and Engler, in whioh a 
known weight of the pefroleum is burnt in a specially 
constructed lamp, and the products of combustion led 
over a solution of potassium hypobromite, which is dis- 
tributed over glass beads. The sulphur is then estimat'd 
as sulphate in this solution. The abov^ method is 
described in most of the works of reference mentioned 
at the end of this chapter. The Carius method niiy also 
be used. • , 

According to Holde, a good buming^oil should not 
contain more than 0-02 per cent, of sulphur. 

*5 


A. I. A. 
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Burning oils should be free from atid ; about .^o grams 
of the oil dissolved in a neutral mixture of ether and 
alcdjiol containing a*^ little phenol phthalein should show 
a permanent pink coloration on the addiiio*! of one drop 
of decinormal soditSm hydroxide solution. 

Ash may be determined, according to Holde, by the 
following method : 500 c.c. or a litre of the burning oil 
is distilled from a retort until 10 c.c. are left as still 
residue ; the latter is transferred to a platinum dish, by 
the use of light petroleum, evaporated to dryness, and 
the residue incinerated. 

Good burning oils should, according to Holde, contain 
not more than 2 milligrams of ash per litre. 


The Examination of Lubricating Oils. 

Most of the lubricating oils used noVadays are obtained 
from the residue which remains after distilling off the 
naphtha and burning oil from crude petroleum. This 
residue, which «by itself boils aJ)ove 300°, is distilled in 
a current of superheated steam at temperatures vary- 
ing from 180^ to 250®/ whereby various fractions are 
obt^ned which show considerable differences in viscosity 
and flash point. Deodorisation is effected by blowing 
with air and treatment with strong sulphuric acid, the 
latter process being, as usual, followed by washing with 
ciwstic soda solution and water. Clarification is effected 
by filtering pver fuller’s earth or charcoal. The lighter 
lubricating oils, which vary in colour from light yellow 
to broipm, and have specific gravities ranging from 0*895 
to 0*900, are invariably x>btained by distillation ; the 
products of higher specific gravities, up to about 0*940, 
may consist either ot " reduced pils,” i.e., filtered residues 
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from which the nioi% volatile portions have been removed, 
by distillation, or of oils whi(;h have been distilled in 
vacuo or in a current of superheated steam. Undistilled 
products ard g*cnerally used in the cheaper grades of 
lubricating oils. 

Cert|iin non-drying or semi-drying fatty oils are used 
as lubricants for delicate machinery, as, for example, 
neat’s foot oil and spermaceti oil, which are used for 
watches and clocks. Generally, however, when fatty 
oils are used at all^ they are us^d in admixture with 
mineral oils. Such jplended oils generally contain rape or 
cotton seed oils which have sometimes been blown with 
air at elevated temperatures (see Chapter III., p. 130) 
in order to increase their viscosity. The detection and 
estimation of fatty oils in presence of mineral oils^ and 
the reasons for their use, will be treated of below. For 
the present, it may be mentioned that the tendency 
for fatty oils to undergo hydrolysis and decomposition 
under the action of steam is greatly reduced when they 
are mixed with mineral /)ils. Rosin, rosin oil, coal tar 
or lignite oils must be considered as adulterants if found 
in lubricating oils purporting to be of superior grade. 
The detection of such constituents will be described 
below, • 

- The requirements of a lubricating oil will naturally 
vary to a great extent with the conditions under, which 
it is to be used. In general, however, it may be sta^ed 
that lubricating oils should be free from ecids, either 
mineral or organic, Vhich may cause corrosion, of the 
bearings, and also from all materials which mtfy give 
rise to the ” gumming ” of thef oil when spread in a thin 
layer, such as rosin, rosin oil or drying faUy ojjs. Water 
or sediment of any kind should be absent. 
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. The^function of a lubricating oil is*to keep tw« metallic 
surfaces from actual contact with one another ; for this 
it is^ecessary that if should possess a certain “ body ” or 
viscosity ; the greater the pressure betwheA the surfaces, 
the greater the vii^osity required. On the other hand, 
the higher the viscosity of the oil, the greater its internal 
friction ; it is, therefore, always advisable to use an oil 
of the minimum permissible viscosity in order to avoid 
excessive heating of the bearings. The temperature at 
which tha oil is to bcf used must also be taken into con- 
sideration thus, the oils employed for the lubrication of 
steam cylinders are of a thick and syrupy consistency 
at the ordinary temperature, as the viscosity invariably 
decreases with rise of temperature. Fatty oils are some- 
times used in cylinder oils, as they lose viscosity with 
rise in temperature to a less degree than the mineral 
oils. Oils which are tabe used in reJriprating machines, 
or compressors,* are quite mobile at the ordinary tem- 
perature, as the viscosity will increase on cooling. The 
viscosity of a lubricating oil, a§ determined by means of 
a viscometer^ gives an indication of the class of work 
for which it is best suited, though in this case, practical 
experience should be the main guide. The Engler and 
Redwood viscometers are the standard instruments 
adopted for the testing of lubricating oils in Germany 
and the United Kingdom respectively. In the United 
States the Sayboldt instrument has been adopted. 

Other physical properties which must be taken into 
account are the setting point and the flash point. The 
determination of these, and their significance in special 
cases, will be dealt with below. 

Lubric^ting.oils are classified by Holde as follows : — 

(i) Spindle Oils, for Textile Machinery, Mobile oils 
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to be used under light pressures ; viscosity in Engler 
degrees at 20° C., 5 to 12 ; flash point (Pensky), 165^ to 
200® C. 

(2) Comprtssor Oils, or oils for use in refrigerating 
machines. Mobile oils having low viscosities ; Engler 
degrees at 20° C., 5 to 7. It is important that these oils 
when submitted to the cold test should remain liquid at 
- 20°. The flasli point may be low (Pensky), 170® to 
180®. Compressor oils are often •coloured ^a reddish 
violet . 

(3) Lij^ht Engine l)ils, suitable for motors or dynamos. 
These are moderately viscous ; Engler degrees at 20® C., 
13 to 25 ; flash point (Pensky), 170® to 220®. 

(4) Heavy Engine Oils. Engler degrees at 20® Q., 25 
to 45, or in special cases up to 60 ; flash point (Pensky), 
190® to 220®. 

The foregoing t)ils, when viewed in ji test tube, are 
light brownish yellow to brownish red in colour, the 
more expensive grades being light yellow^ -The following 
varieties are dark in colour and often opaque. 

(5) Dark Railroad Oils. 'Hiesc are classified into 

summer and winter oils. The former show viscosities 
of 45® to 60° Engler at 2©° C, and the latter 25® to 45®. 
J^e flash point (Pensky) should be over 140®. Setting 
point, for summer oils, under - 5®, for winter oils, 
under - 20°. (The above requirements for railreJad Ofils 
are based on the climatic conditions of G^ermany ; in 
England it is not necessary to prescribe so low a cold 
test in winter.) i 

(6) Cylinder Oils. These are of a syrupy or sometimes 
even pasty consistency at the ordinary temperature. 
The viscosity at 50® C. is 23® to 45® Engler. Oils for 
superheated steam cylinders have still higher viscosities, 
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t.e.f 50® to' 60° Engler at 50° C. The flash point should 

be over 200° and, aocorcflng to the quality, varies from 
220® to 315® ; the better qualities flash above 260®. Low 
volatility is also a*desideratum for cylinder oils ; this 
generally follows with a high flash point. Cylinder oils 
which have been filtered over fuller’s earth are of a 
brownish red colour and transparent ; the unfiltered oils 
are greenish black and opaque. 

Viscosity.-^ By means of 
the visefometers mentioned 
above, the time taken for a 
definite volume of the oil 
(50 c.c.) to flow through an 
orifice of standard size under 
definite conditions is deter- 
mined. As a rule, the efflux 
time is taken as being pro- 
portional to the viscosity of 
the oil, but as the flow is 
determined by gravity, the 
rate of flow will also be 
governed to some extent by 
the specific gravity of the oil. ^t is, of course, important 
to work at a definite temperature, and for the sake of 
uniformity and convenience in comparing results, it 
would be desirable if the suggestion of Fryer and Weston 
to make 40® and 100® the standard temperatures were 
adopted. For heavy oils which arc intended for use at 
high tinperatures, the determination at 100® is the more 
important, and for lighter oils tliat at 40® should be 
given chief consideration. Fryer and Weston further 
, propose tfiat results should b.e calculated to absolute 
viscosities multiplied by 100, which can be done if the 
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Fig. 16. 

Redwood’s Viscometer. 
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instrument is calibrated according to Archbutt and" 
Deeley's method, and to caltula^e the ratio of the 
viscosity at ^40® to that at 100®, the viscosity ratio 
number thui obtained gives an indication of the loss of 
viscosity with rise of temperature, .which varies with 
differeht oils and is an important factor in practice. 
The methods referred to may be found described in the 
works by Archbutt and Deeley, and Fryer and Weston, 
mentioned at the end of this chapter. 

Flash Point — Th« determination of flash p6int by the 
open test is carried* out as follows : about 50 c.c. of the 
oil to be tested are placed in a porcelain or nickel crucible 
of about 75 c.c. capacity. The crucible is placed in a 
tin of convenient size to protect the surface of the oil 
from draughts, the bottom of which is covered* with 
about half an inck of sand. The tin is heated from 
below, and the temperature of the oil is indicated by a 
thermometer, the bulb of which is immersed in the oil 
without touching the bottom of the crucible. When the 
temperature has been faised to about* 120®, the oil is 
tested from time to time by bringing a# small gas jet, 
burning from a hard glass capillary tube, near its surface. 
The lowest temperature, at which the vapour front the 
is observed to ignite is taken as the flash point. 
When a flash has been obtained, the oil may be cooled 
about 10° and reheated at the rate of about# 2® jjer 
minute to get a more accurate determination of the 
flash point. It should, however, be noted that the flash 
point will be sensibly raised if the oil is kept too long at 
an elevated temperature. The results obtainecTby the 
open test are not so accurate as those obtain^ by means 
of the closed testers, e.g„ the Abel or thefPenjflcy-Martens 
instruments, but for practical purposes it is only 
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•necessary to be able to say whether the oil will be 

dangerous or not. ,Thef flash points indicated by the 
closed testers are usually about 15° lower than those 
obtained by the oppn test. 

The determination of flash point is of especial import- 
ance in the case of oils which are to be used for Textile 
machinery and oils for lubricating steam cylinders. If 
the oil has a liigh flash point, it is not only less liable 
to damage the rubj^pr packings of the cylinders by 
ignition, but also less liable to loss by evaporation on 
prolonged exposure to elevated femperatures. The 
lighter oils for lubricating bearings and journals usually 
flash between 175® and 200® by the open test. The 
heavier machine oils should show flash points of 200® and 
upwards, while cylinder oils of good quality should flash 
above 280® by the open^test. Considerable quantities of 
fatty oils are sometimes added to mineral cylinder oils 
of inferior quality in order to counterbalance their 
tendency to evaporate at the temperature of the steam 
cylinder, and their low flash points. 

Setting Poii{t . — ^The following method for the deter- 
mination of the setting point of lubricating oils is 
recommended by the Scottish cMineral Oil Association. 
The oil is cooled in a large strong walled test tube un^U 
it completely solidifies. In the absence of liquid carbon 
diqjcide or air, the following freezing mixtures may be 
employed : a mixture of 2 parts of snow or pounded ice 
with I part of sodium chloride, whiph gives a minimum 
temperature of - 23®, or a mixture of 12 parts of snow 
or pounded ice, 5 parts of podium chloride and 5 parts 
of ammoniiim nitrate, which gives a minimum tempera- 
ture of -30®. 'Afhen the oil has solidified, the test tube 
is removed from the freezing mixture and held up to 
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the light, while the oil is stirred with a thermometer 
the temperature at which the Ust trace of paj^ffin 
disappears i^ taken as the setting point. The test is 
repeated until two determinatioi^ give concordant 
results. 

As inentioned above, lubricating oils for refrigerating 
machines should remain liquid at -20°. The setting 
point, or, as it is sometimes called, the cold test, is also 
of importance in the case of lubricating oils for machinery 
which is used in the open in countries where the winter 
is severe ; thus fot some winter oils it is necessary to 
prescribe a setting point of - 15° or - 20°. In England, 
however, the cold test is of less importance. If the oil 
should solidify in the journals or bearings, fraction 
would be developed with consequent damage to the 
machinery. 

Specific Gravity . — In the case of the lighter oils, a 
float may be used ; for thicker oils, it will be necessary 
to use a specific gravity bottle, as described for crude 
petroleum. * 

The specific gravity has no relation to^he lubricating 
power of an oil, but mainly serves as a means of classi- 
fication and identification. The specific gravities of pure 
aineral lubricating oils usually lie between 0*884 jftid 
0*930 at 15°. The specific graVity cannot be looked on. 
as proportional to the viscosity of the oil, but •it may 
be said that, as a rule, oils of high specific gravities are 
used for high pressures. 

Water . — Ordinary lubricating oils should contain no 
water. In light coloured ojl^ water is easily detected 
by inspection on shaking the sample ; in dark oils it 
be revealed by the bumping or spfttin^ which will 
take place on heating. If desmed, any water which may 
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be present may be estimated as described for crude 
petroleum. 

The free acids liable to occur i^ lubricating 
oils may consist of ^Iphuric acid which has*remained in 
the oil after the refining process, or organic acids arising 
from the decomposition of the mineral or vegetable oils. 
A high acidity may also be due to the presence of rosin 
or rosin oil, the detection of which will be described 
below. . , 

Sulphuric acid may easily be detected by shaking out 
the oil with warm water, and testiflg the latter when 
separated, with barium chloride solution and hydro- 
chloric acid ; this impurity will, however, only be found 
in very exceptional cases. 

The acidity of lubricating oils may be determined by 
titration as described upder the heading “ Acid Value " 
in Chapter III. , If difficulty is expeHenced owing to 
the dark colour of an oil, the following process, recom- 
mended by Holde, may be employed : 20 c.c. of the oil 
are shaken in a glass stoppered measuring cylinder with 
40 c.c. of neutfal absolute alcohol, the oil being warmed 
if not sufficiently mobile. The cylinder is stoppered 
and 'allowed to stand overrtiglit, after which 20 c.c. of 
thfe clear alcoholic layer are titrated with decinonr\al 
sodium hydroxide soluti 5 n, using phenol phthalein as 
indicatbr. If more than 0-03 per cent, of acid (cal- 
culated to SO,) is found, the rest of the alcohol should 
be poured o'ff, the above process .repeated with the 
residu^ oil and a further quantity of 40 c.c. of neutral 
alcohol, and the amount pf acid found in this second 
titration a^ded to that found in the first. 

Refined, blear'minerai oils should contain no free acid, 
or, at most, only 0*03 per cent., calculated as SO,. 
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Dark oils should not contain more than 0*3 per cent, of 
acids ; generally, however, th^ proportion of these^on- 
stituents wiH be under 0*15 per cent. If the amount of 
free acids in a lubricating oil is above the prescribed 
limits, there is danger of the bearing? on which it is used 
becoming corroded. 

Deblooming Agents . — ^Nitronaphthalene is sometimes 
added in order to destroy or minimise the fluorescence 
of mineral oils. It may be detectod by a reddish violet 
colour produced onTDoiling a few c.c. of tlie sample with 
alcoholic potash in’a test tube, or by the odour of naph- 
thalamine produced on heating with zinc dust and dilute 
hydrochloric acid. 

Soap and The better class lubricating oijs will 
contain no soap or foreign inorganic matter, e.g., talc or 
graphite, as will Ife shown by iheir complete solubility 
in benzene and low ash content. Soap may be added 
in order to increase the consistency of the oil or to 
facilitate its emulsification with water it will be recog- 
nised by the ease with which emulsions are formed, and 
the feebly alkaline reaction T)f these Awards phenol 
phthalein. An examination of the aqueous extract will 
soon show whether soa^ il present (see Chapters 111 . 
Mid IV., introductory sections), and the nature of the 
base (usually soda potash, lime or ammonia) may be 
ascertained by examining the acidified aqueous ‘extract. 
The soap may be estimated as described for lubricating 
greases. 

Other Tests . — test for gumming tendency isH^scribed 
below. 

Nastjukoff's Formolite test^ gives a measure of the 

^Marcttsson’s modification, Chem. Zeit., 1911, 35* 7^9 and 
74^, abs. Analyst, 19x1, 461. 
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'proportion of unsaturated cyclic hydrocarbons which 

reacj^ with formaldehyde and sulphuric acid to form 
solid condensation products to which the*name “ formo- 
lites ” is given. 2% grams of the oil are dissolved in 
50 c.c. of petroleum ether, and 30 c.c. of concentrated 
sulphuric acid are added without shaking. The mixture 
is cooled in ice water, and after the addition of 15 c.c. 
of 40 per cent, formaldehyde, it is shaken and cooled 
until no further heating takes place ; it is then allowed 
to stand for half an hour, and pouitd into a litre flask 
containing 200 c.c. of ice water. The acid liquid is 
neutralised with ammonia, the precipitate is filtered off, 
washed with petroleum ether till free from oil, then with 
water^till free from ammonia, and dried at 105® till 
constant in weight. 

Marcusson found fronj 28-9 to 33*3^rams of formolite 
per 100 c.c. of American oils, and 10^4 to 24*4 grams 
per 100 c.c. of Russian oils. He states that the chief 
constituents to which mineral machine oils owe their 
lubricating power are those which do not yield formolites. 

Loebell ^ de^ribes a nwdification of Holde’s method 
for determining asphalt in mineral lubricating oils. Kiss- 
ling ^ has proposed a methdd for estimating tarry and 
carbonaceous matter in lubricating oils formed aft^ 
heating at 150® to 250® for fifty hours. 

Lubricating Greases. 

Soap is chiefly used in lubricating greases, in which it 
is emul^fied with mineral, lignite, rosin or tar oils, with 
the addition of a little water. The soap may be esti- 
mated by carefully burning off a weighed quantity of 

‘Petroleum, 1911, 6, 774. abs. Analyst, 1911, 418. 

*Chem. Zeit., 1909, 33, 328, abs. Analyst^ 1909. 328. 
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the sample, incinerating and titrating the residual potas-. 

slum carbonate, sodium carbonate, or lime, with semi- 
normal hydrochloric acid. The amount of the base jpund 
may then bt calculated to stearate or rosinate. 

Bockermann ^ recommends the fallowing method for 
the estimation of soap as being suffitiently accurate for 
technical purposes : After the estimation of the free 
fatty acids (as described for lubricating oils) 2 grams of 
the grease are boiled for thirty minutes with 50 c.c. of 
decinormal caustic potash solution and 50 c.c. of absolute 
alcohol in a flask under a reflux condenser. The mixture 
is cooled, and shaken with 40 c.c. of petroleum ether in 
a stoppered cylinder ; when the layers have separated, 
20 c.c of the petroleum ether are drawn off and evapo- 
rated ; the residue of unsaponifiable matter is dyed in 
an oil bath at about 140® till constant in weight. The 
soap is estimated ^y difference. If the amount of free 
fatty acids present is large, a corresponding correction 
must be made. 

The oily matter may be separated fj;om the soap for 
examination for the constituents mentioned above by 
repeating the operation on a larger scale ;*sufficient alkali 
should be used to ensure that no fatty acids find^their 
way into the petroleum«ethSr solution. 

^Water may be estimated in lubricating greases *by 
the toluene distillation method, as described for crude 
petroleum. 

Detection and Estimation of Fatty *Oils, Rosin, 
Rosin Oil, Tar Oil, etc., in Prese^nce of 
Mineral Oils. 

Faity Oils . — ^As a preliminary test, the s^onification 
‘Chem. Zeit., 1911, 35, 1066, abs. Analyst, 1911, 559. 
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value <jf the sample may be determined as described in 
’Chapter III., p. 131. If no definite value is obtained, 
thei^ fatty oils may be assumed to be absent. The 
following method for the rapid determination of fatty 
oils in presence of mineral oils is recommended by 
Schreiber : — ^ 

Five grams of the oil are weighed out in a 200 c.c. 
conical flask, 25 or 50 c.c. of approximately semi-normal 
alcoholic potash (see Chapter III., p. 132) are added, and 
then sufficient benzena to dissolve the oil when warmed. 
25 c.c. of benzene will generally be sufficient, but for 
cylinder oils 50 c.c. may be necessary ; in this case, 
25 c.c. of neutral alcohol may be added with advantage. 
At the same time, a blank experiment is started with 
equal, amounts of alcohohc potash, benzene and alcohol, 
to those used in the actual determination. The flasks 
are connected with air condensers anh placed on a water 
bath so that the contents are kept g*6ntly simmering. 
During the saponification, which will be complete in 
thirty minutes,, the contents of the flasks should be 
gently shaken trom time to time. The amount of potash 
used up in th^saponifica*don is determined by titration 
with semi-normal acid in presence of phenol phthalein, 
as described under the heading*^* Saponification Value ” 
in ‘’Chapter III. For practical purposes, the sapowi 
flcation value of the fatty oils used in lubricating oD 
may b^ taken as 195. Then, if S be the saponificatio: 
value found, the percentage of fatty oil present will b 


100 S 

195 


JRape and sperm oils, however, have saponi- 


fication values of 175 and 124 respectively, and if either 


* /. Amcr. Chem. $00.^1907, 27, 74, 
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of thes^are suspedte^ or found, due allowance {nust be 
made in the calculation. 

The fatty acids may be obtained'for examinatioiywith 
a view to possibly determining the nature of the fatty 
oil or fat present, by saponifying tand extracting the 
unsaponifiable oil with ether as desctibcd on p. 237 (see 
also p. 193). The problem may be a difficult one, especi- 
ally if mixtures of fatty oils and fats are present. 

Lubrtcaiing Oils containing no Mineral Oils . — These 
may be recognised and examined* by methods described 
in Chapter III. Tlic fatty oils and fats which are used 
as lubricants are pointed out in the last column in the 
table on pp. 148 and 149, and mention is made regard- 
ing their use as blown or oxidised oils. As mentioned on 
p. 130, blown oils have lower iodine values th^ the 
normal oils ; the refractive index will also be lowered 
on blowing, but flie saponificJ^ion value will not be 
greatly affected. * Mention may be made of the enormous 
increase in the demand for castor oil during the last few 
years, owing to its particular suitability for aircraft 
engines.! The U.S. War Office specification for this oil 
is as follow : Must be coloufiess ; speAfic gravity at 
60® F., 0*959 to 0-968 ; must be completely solubje in 
four volumes of 90 per fcenf. alcohol of specific gravity 
at 60® F. ; maximum acidity not to exceed tlie 
equivalent of 1*5 per cent, of oleic acid ; iodine value 
80 to 90 ; saponification value 176 to 187 ; unsaponi- 
fiable matter under i per cent. ; must contain no rosin, 
rosin oil or cotton -seed oil; viscosity (Sayboldt) 450 
seconds at 130® F. or 95 seconds at 212® F. ; flafji point 
450® F. in a Cleveland open flash cup ; freezing point 
below zero F. 


j . S . cj ., 1919. 38. 20 R- 
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Rosiy, (see also Chapter IV .). — Ms was pointed out 
above, a somewhat high acidity may be due to the 
pre 3 |iice of dissolved rosin. In light coloured mineral 
oils, rosin may be detected by the Liebewnann-Storch 
reaction, as described in Chapter IV., p. 189. If the oil 
be too dark, the fosin acids may be dissolved out by 
extracting with dilute sodium hydroxide solution and 
precipitated by acidifying the alkaline extract. This 
process may also be adapted for the quantitative estima- 
tion of rosin, provided that fatty oils are not present ; 
the precipitated acids are filtered off, dried, weighed, 
after which they may be tested by the Liebcrmann- 
Storch reaction. 

A quicker way of separating the rosin for qualitative 
examination is to shake about 10 c.c. of the oil with an 
equal volume of hot 70 per cent, alcohol, and after 
cooling, filtering and evaporating the alcoholic layer. 
If rosin be present, the residue will' be of a resinous 
nature, and not oily, and it will give the characteristic 
coloration in the Licbermann-Storch test. 

If fatty oils are present, it will be necessary to saponify 
as described finder the heading “ Fatty Oils " (p. 237). 
The alcohol and benzene having been removed by evapo- 
ration, the residual soap is dissolved in water, and the 
solution separated from unsaponifiable matter by^nfr* 
traction with ether. The soap solution is then evapo- 
^^lted to dryness, redissolved in water, and the solution 
acidified with hydrochloric acid ; the precipitated acids 
are extracted with ether, after which the aqueous layer 
is separated off, neutralised and evaporated to about 
25 c.c. Op acidifying again and extracting with ether, 
the rest of the fatty acids will be separated. The ethereal 
extracts are united and evaporated ; the residue may 
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then be fested for rosin acids by the Liebermann-*Storch 
. reaction. If desired, the rosin«acic^ may be estimated 
by TwitchelTs process, as described in Chapter IV., 
p. 189, in the mixture of fatty and rosin acids obtained, 
as just described, from a given weight gf the oil (sufficient 
to give^ about 5 grams of mixed acids). It should be 
noted that rosin acids which have been treated with 
hydrochloric acid, as in the Twitchell process, no longer 
give the Liebermann-Storch reaction. 

Rosin Ot 7 .~~Rosin,oil is obtained from rosin, or colo- 
phony, by destructive distillation. It always contains 
varying quantities, up to about 30 per cent., of unchanged 
rosin acids which have been carried over mechanically 
in the distillation, and may, therefore, be tested for in 
lubricating oils, as described above, by the Liebermann- 
Storch reaction. Rpsin oil gives a violet coloration when 
shaken with a drc^ of stannic bromide (Allen). 

Valenta's test for rosin oils, which has Been investigated 
and recommended by Lewkowitsch, depends on the fact 
that 100 grams of glacial* acetic acid at dissolve only 
2*6 to 6*5 grams of mineral oil^but 16-9 grams of rosin 
oil. If fatty oils are present, they must first be removed < 
by saponification, and the^unsaponifiable matter isolated. 
Two c.c. of the unsaponifiable matter are mixed in -a 
Tes? tube with 10 c.c, of glacial acetic acid, and the tube 
is loosely corked and kept in a water bath at 50®, shakijyg 
continually for five minutes. The mixture is filtered 
through a moist filter, and the middle portion of the 
filtrate collected ; a'portion of this is weighed off accur- 
ately and titrated with normal caustic soda sofution ; 
the difference between the weight of acid and that found 
by titration represents the amount of oil dissolved. 

Rosin oils are generally used in axle greases, together 

A.I.A. 16 
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with soap and water, or as insulating material for 
electrical machines. # OWlng to their tendency to resinify 
when exposed to the air in thin layersr at elevated 
temperatures, they^are unsuitable for use in the better 
class lubricating #ils. Rosin also has a tendency to 
cause gumming, and, like rosin oil, must be regarded 
as an adulterant if found to be present in better class 
lubricating oils. 

Lubricating oils are sometimes tested for their gwm- 
mtng tendency by spreading them in thin layers on glass 
plates and keeping them at 50® or ido® C., the film being 
examined on cooling, from day to day. If rosin oil be 
compared in this way with a mineral lubricating oil of 
good^ quality, the superiority of the latter as regards 
gumming tendency may be shown. 

Tar Oils . — The tar oijs which are used for the adultera- 
tion of mineral ^lubricating oils are usually the heavy 
dark anthracene mother liquor oils (see Chapter IL), of 
specific gravity over i*oo. If present in fairly large 
quantity, therefore, they may sometimes be recognised 
by the someV.hat high specific gravity of'the sample. 
According to Holde, the following properties of tar oils 
enable them to be recognised in presence of mineral oils. 
Tiiey are completely soluble in alcohol at the ordi nap 
temperature, giving dark-coloured solutions, and their 
smeU Is generally creosote like. When heated on the 
water bath with concentrated sulphuric acid, they react 
to form waiter soluble products. ,With nitric acid of 
specifi|? gravity 1*45, they react vigorously, often with 
explosive violence, with he formation of nitro com- 
pounds. Coal tar oils are best detected and estimated 
by the use'of dilnethyl sulphate, which dissolves aromatic 
hydrocarbons in all proportions, but does not dissolve 
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and is insoluble in the heavier paraffin hydrocarljons or 
rosin oils (Valenta). The oil Ife shaken with one ajad a 
half times it% volume of dimethyl sulphate in a stoppered 
graduated cylinder, and the increase in volume of the 
dimethyl sulphate layer is noted. The test is accurate 
to within i or, at the most, 2 per cent. The coal tar 
oil may be isolated and weighed after saponifying the 
dimethyl sulphate by warming with dilute caustic soda 
solution. It should be noted thaj:,dimethyl sulphate is 
very poisonous. • 

Lignite Oils . — ^The lignite oils of high boiling point and 
specific gravity 0-9 to 0*97, which may be used for the 
adulteration of mineral oils, resemble the coal tar oils in 
having a creosote like smell ; they arc soluble in^twice 
their volume of alcohol at the ordinary temperature, to 
the extent of 22 to^2 per cent. ,They contain unusually 
large amounts erf sulphur compounds^ and react with 
concentrated nitric acid less vigorously than the coal tar 
oils, but more vigorously than the mineral oils. They 
are not so easily recognised in mixture^, as the coal tar 
oils. 

Fuel Oils . — ^As explained above, these may be crude 
oils wliich do not contai® any appreciable proportion of 
more volatile constituents usually found in petro- 
leums, or the residues remainihg after distilling off the 
volatile matter (see p. 205). They may be analysed ior 
water, and volatile constituents by the methods given 
above for petroleum^ and the flash point, viscosity acidity 
and setting point may be determined as described for 
lubricating oils. The British Admiralty specification 
provides that the flash point shall not be lower than 
175® F. (close test) ; the acidity musf nof be above 
0*05 per cent, (as sulphuric acid) ; when tested in the 
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fledwodd viscometer, the efflux time for 50*" c.c. at 
32® F. must not exceed 2»oo seconds. 
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CHAPTER VI 


MILK AND BUTTER 

Introductory 

On account of the enormous value of the milk of the 
cow as an article of food, both in its original state and 
when manufactured into such products as butter or 
cheese, its complex nature and its susceptibility to de- 
composition through the agency of the manifold ^cies 
of micro-organisnj^ for which it forms an excellent 
nutrient mediun^ the examinatfon of this product may 
well be said to form one of the most important and 
interesting chapters in the chemistry of foods. 

Ordinary cow's milkdof commerce is»a white opaque 
emulsion of fat in water which contains^lactose, saline 
matter and other substances in solution, and casein in • 
a state of colloidal suspension. Its bluish or yellcpwish 
tinge depends on the amount of fat present, or on tjie 
'"pf&ence of colouring matter, either natural or artificial. 

Fresh milk has an amphoteric reaction, turnipg blue 
litmus slightly red, and red litmus slightly blue ; this is 
owing to the presence of add phosphates ; on an average, 
100 c.c. of fresh millf will be found to require about 30 c.c. 
of dednormal sodium hydroxide solution for neiftralisa- 
tion in presence of phenol phthaldn, and 40 a.c. of ded- 
normal sulphuric add in presence of litigus indicator* 
On standing, milk which has not previously been heated 
245 
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.almost dnvariably becomes decidedly acid owing to the 
conversion of part of the l|Lctose into lactic acid by certain 
micro-organisms. 

The most important constituents of haifk are water, 


fat, proteins, lactoslj and inorganic salts, the following 
data, showing the.general variations in the composition 
of cow’s milk, have been compiled by Fleischmann from 

many different sources : — 


Water 

86*5 to 89*5 per cent. 

Fat .. 

27 4-3 ,, 

Proteins 

3-0 , 4*0 M 

Lactose 

3-6 .. 5-5 .. 

Ash 

0-6 „ 0-9 

Richmond gives the following average composition 
based on numerous analyses of milk from different parts 

of England : — 

•• 

Water . . * . . 

87-35 per cent. 

Fat .. ‘ 

374 

Milk sugar . . 

470 M 

Casein . . J . . 

*. . 3-00 „ 

Albumin f 

0-40 „ 

Ash 

0-75 „ 

' Other constituents . 

o-o6 „ 


'■ Fleischmann’s results apply to mixed milk from hej^p^ 
greater variations may be found when samples from in- 
di*/idifal cows are examined. Judging by English 
standards, the upper limit for fat in Fleischmann’s table 
might be placed a little higher (see, below). ^ 


^ Thf>, Composition of milk has been dealt with by Richmond in 
annual papers in the Analyst a number of years. The results 
of examination of milk from farms received during 1914, 1915 and 
1916, especially regards variations in the fat percentages, liave 
been dealt with byAxup. Huish andRichmond, Analyst, 1917, 1 19. 



Milk and Butter 


247 

The composition \)f milk varies, not only with ^he age,, 
state of health, and breed of the animal, but also with 
the district, climatic conditions* tiiile of the year, general 
treatment, rilethod of feeding and other factors. 

Before proceeding to describe analytical methods, a 
short account will be given of the prfncipal constituents 
of milk and butter. 

• The Constituents of Milk. 

Pat.— As stated above, this constituent is present in 
the form of an emulsion ; the globules of fat generally 
measure from 0*0016 to 0*01 mm. in diameter, and 
number, on an average, 2J to 3 millions per cubic milli- 
metre. In milk, the fat is present in the liquid, super- 
cooled state ; on transformation into butter fat, intakes 
up the solid form wliich melts from 31® to 36®. This 
change is effected ^y thoroughly agitating cream which 
usually contains* about 20 to 35 por cent, of fat, and 
which has usually previously been soured or “ ripened 
by lactic acid producing organisms, m specially con- 
structed churns, at temperatures of atJbut 10° to 15 , 
the solid fat coalesces and s(?parates from the butter- 
milk in the form of small pellets, which, after washing 
with water, are worked* by* a process of kneading into 
• btftter containing some 12 to 16 per cent, of water. The 
composition of butter will be further treated of J)elow. 

When milk is allowed to stand at rest, the fat rise^to 
the top, forming a layer of milk rich in fat, known ^ 
cream. In moderr> dairy practice, milk is separated in 
centrifugal machines from which it is possiblet 9 obtain 
cream containing anything up to 80 per eeqt. of fat at 
will ; the skim milk obtained contains a few tenths per 
cent,, or even less, of fa,t. 
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• Milk ‘fat is peculiar in containing an unusually large 
number of different gly/:erides which include notable 
proportions of the glycerides of the lower fatty acids, 
especially butyric acid. As is pointed out in Chapter III 
the latter circumsftince is taken advantage of in the 
estimation of butter fat by the processes in which the 
volatile fatty acids obtained under certain conditions 
from a given weight of the fat are estimated. Besides 
the lower fatty acids, milk or butter fat yields on hydro- 
lysis higher fatty aads, such as palmitic, stearic and 
oleic acids (see Chapter III., introdi?ctory), the acids of 
intermediate molecular weight being obtained in rela- 
tively small proportion. Milk fat is the most valuable 
fat known, and is, economically, the most important 
constituent of milk. The commercial valuation of milk 
is based very largely on its fat content, while from the 
fat percentage of the nfilk 3delded by individual cows it 
is possible to caltulate the amount of butter obtainable 
in relation to the fodder consumed by the animals. 

Although the* fat in milk from individual cows may 
vary from 1 ip b per cent, when exceptional cases are 
included, the variations* for mixed milk from herds of 
cows, taken all the year ropnd, usually fall between 2*5 
<ai)d 4*5 per cent. In Englani the fat percentage is at 
its maximum in Novemjber and December, and at^ts 
minim\un in May and June when genuine samples may 
occasionally fall below the standard of 3*0 per cent, in 
fat content. • In countries where the diet of the anim^ 
is more uniform throughout the whole year, the fat 
percentages are generally speaking subject to smaller 
variations.* Evening milk is on an average 0*2 to 0*3 
per cent. licher^n fat than morning milk. In order to 
illustrate the influence of the breed of the animals, it 
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may be? mentioned that the milk from Jersey cow» 
averages 5 per cent, of fat, while that from Dutch cows 
only averag^ 3-1 to 3-2 per cent. The standards adopted 
by different countries in fixing the minimum permissible 
proportion of fat will naturally to some extent. 
In the United Kingdom it is generally presumed that 
genuine milk should contain at least 3 per cent, of fat, 
and accordingly the Sale of Milk Regulations of 1901 
provide that milk containing less than 3 per cent, of 
milk fat (or less th§n 8*5 per cent*, of milk solids other 
than fat) is to be4)resumed not to be genuine, unless 
the contrary be proved. Thus, no absolute standard 
is fixed, but the burden of proof would lie with the 
defendant in the case of a prosecution. 

Proteins . — The total proteins of milk amount, bn an 
average, to about ^*5 per cent., of which about 2*9 per 
cent, is casein, ajid o*6 per cent! milk albumin together 
with traces of milk globulin. Caseirf belongs to the 
phosphoproteins, but differs from other phosphorus- 
containing proteins in ^hat it yields iTo xanthine and 
pyrimidine bases, or pentoses, on hydroRj^is. Owing to 
the absence of carbohydrate groupings, it fails to give < 
the Molisch reaction ; this Jest (which may be carried 
out with egg albumen) consists in adding to an aqueous 
solution of the protein a few drops of an alcoholic solu- 
tion of a naphthol and then concentrated sulphupc 
add ; if carbohydrate groupings are present, as is the 
case with egg albumen, a violet coloration will be formed 
at the surface of contact of the acid and aqueous layers. 

On hydrolysis with baryta solution, casein 'yields, 
besides carbon dioxide and ammonia, a number of amino 
adds which consist, in the main, of monoamino fatty 
adds and cyclic derivatives of the latter.* Pure casein is 
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whit^ powder, insoluble in water alad soluble in dilute 
alkali or acid solutions. It thus possesses feebly basic 
and*acidic properties. In milk, casein exists in the form 
of a calcium salt, which, being present ‘in •the colloidal 
state, can only be filtered off by passing the hiilk through 
a filter of unglazM porcelain ; in this way the total 
proteins of the milk may be obtained as a white mass. 

When milk is treated with a small proportion of acetic 
or mineral acid, or allowed to become sour through the 
agency of lactic acid* producing organisms, it thickens 
owing to the precipitation of the casein which has been 
liberated from its calcium derivative. On warming the 
acidified solution, the casein coagulates, leaving a slightly 
turbid, yellowish whey, while' on addition of excess of 
acid it is redissolved. On the addition of rennet, tannic 
acid, alcohol or inorganic salts, such as sodium chloride, 
copper sulphate, alum, etc., to milk, (he casein is precipi- 
tated, in the for^m of a calcium derivcitive ; in the case 
of precipitation by rennet a partial disruption of the 
protein molecule takes place. ^ In this respect, casein 
resembles the TTiUjority of proteins, which may usually 
be separated *^and purififcd by the salting out of their 
aqufous solutions at various definite concentrations and 
temperatures. Commercia’l casein, which is usually pre- 
cipitated by acid, is used for a variety of purposes ; 
hardened by treatment with formaldehyde it can be 
tl^nsformed into a body which can be put to the same 
uses as cellqloid, bone, etc. ; it is used for glazing paper 
and in the manufacture of adhesivetpreparations, paints, 
enamels* and edible preparations such as " Plasmon,*' 
** Sanatogen,” etc. 

Milk albumin is very similar in composition and pro- 
perties to the. albumin of the J)lood. It is not precipi- 
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tated with the casein on the acidification of mUk, and, 
further differs from casein in not being salted out from 
neutral solution on saturation with magnesiunl or 
ammonium ?ul^hate. It is, however, precipitated from 
slightly aci'd solution on saturatitm with the above 
salts. . 

Milk Sugar , — Milk sugar, or lactose, is a disaccharide 
which, on hydrolysis with dilute mineral acid, yields the 
hexoses galactose and dextrose in equal amounts. It 
reduces Fehling’s solution, and* Is dextrorotatory in 
aqueous solution, ^he hydrated lactose C„H„ 0 „. H ,0 
having a specific rotation of [a]i> + 52*53° at 20° C. As 
will be shown below, the two last-mentioned properties 
are made use of in the quantitative estimation of lactose. 

The fermentation changes undergone by lactose play 
an important part both in the souring of milk and the 
manufacture of butter from cream. Lactose is not fer- 
mented by the common yeasts, most* of which attack 
cane sugar ; by far the most important fermentation 
change which it undergoes is its transformation into 
lactic acid (CiaHgaOn + Ufi = 4 

This change is brought aboht through the agency of 
different species of micro-organisms which occur in jnilk, 
and is, under normal edhditions, the first change in the 
d^omposition of unheated milk by micro-organisms. 
As was pointed out above, the milk becomes coagulated 
owing to the precipitation of the casein by the acid, "^n 
modern dairy practice, cream is soured for butter-making 
by first pasteurising it, i,e., heating to about 70° to 
85*, in order to destroy most of the micro-bnganisms 
present, and then, after cooling to the ordinary tempera- 
ture, infected with a culture of a lactic acid producing 
organism, such as Streptococcus Lacticus, By this means 
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it is possible to obtain more uniform results and a better 

flavour in the butter than if, as in the old process, the 
cream were allowed to ripen spontaneousl;^^ through the 
agency of such naturally occurring bacteria as may 
obtain a predomiflating influence. The formation of 
l^tic acid is, quantitatively, the chief change which 
occurs in the souring of milk or cream ; at the same 
time, however, traces of aroma-producing substances 
are formed which play an important part in the flavour- 
ing of the butter* fat. In margarine manufacture, 
similar changes are produced in skim milk. 

Mineral Matter . — The analysis of the ash of milk, 
allowing for the phosphorus contained in the proteins, 
and the carbonate formed from the organic matter 
on ihcineration, shows the mineral matter of milk 
to be composed as follows (Soldper, quoted from 
Barthel) : — , 


Sodium chloride 

. . 10*62 

Potassium chloride . . 

9*i6 

Mono potassium phosphate . . 

12*77 

Dipotassihirr phosphate 

9*22 

Potassium citrate 

5*47 

Dimagnesium phosphate v . . 

3*71 

Magnesium citrate . . 

. . ‘ 4*05 • 

Dicalcium phosphate 

7*42 

Tricalcium phosphate 

8*90 

Calcium citrate 

23*55 

Calcium combined with casein , 

5*13 

Total 

. . 100*00 


All the aJ?ove^constituents exist in the dissolved state, 
with the exception of the calcium combined with the 
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casein, >^hich exists in the colloidal state, and part of 
the calcium phosphate, which, ^though existing in the 
solid form, is exceedingly finely divided. 

Other Constituents. — Lecithin, a glycero-phosphate of 
the trimethyl-ammonium base, chofijie, occurs, on an 
average, to the extent of about 0-065 ‘per cent, in milk. 
The presence of this substance is said to cause the 
“ browning " which takes place on heating butter. 

Enzymes of different kinds are contained in milk ; 
these include oxidases, reductases, catalases, and protein 
and fat hydrolysingienzymes. The significance of some 
of these enzymes, some of which are probably 
produced by the bacteria in the milk, will be dealt with 
later. 

Dissolved gflsfis, consisting of oxygen, carbon dioxidfe, etc . 

Among foreign ladies, constantly occurring in milk, 
are white blooc^ corpuscles of leucocytes, bacteria, 
yeasts, moulds and their spores and dirf . 

The number of micro-organisms and amount of dirt 
contained in new milk depend on the cleanliness of the 
cows, the stable, and the vessels in the milk is 
collected, as well as on the care which is taken in the 
subsequent treatment of thp milk. Thus, while milk 
from clean cows, collected in steam-sterilised vessels, may 
conJain only a few hundred bacteria per cubic centi- 
metre immediately after milking, milk from dirty cog^, 
collected in dirty vessels, may contain several hundred 
thousand bacteria per cubic centimetre. The dirt, which 
may consist of hairs of animals and human beings, earth, 
dung, fodder, fibres, sand, parts of insects, etef., may 
amount to as much as 0*03 to *0-25 per cent, of the milk, 
but should, in general, be below O’Oi petceni 
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The Constituents of Butter. 

As will be gathered from the above remarks on the 
production of butter, the latter contains 'chtf constituents 
of milk in altered proportions. The percentage of fat in 
butter will generally lie between 83 and 85 per cent., 
water between 12 and 15 per cent., while the proteins 
generally amount to about o*6 to 0*9 per cent., sugar and 
lactic acid to 0-4 per cent., and ash, i,e., inorganic salts, 
to O’l or 0*2 per cent.* 

The fat, which differs from milk^fat in being in the 
solid state, is present in the form of minute globules, 
emulsified in the aqueous serum which holds the proteins, 
or curd, in suspension and the other constituents, such 
as inorganic salts and sugar, in solution. The content 
of curd may vary somewhat according to the method 
of manufacture of the* butter ; thus, Storch gives the 
average protein -content of butter from fresh cream as 
0*64, and of butter from ripened or soured cream as 0*84 
per cent. A certain amount of salt is almost invariably 
added to buttSf as a flavouring medium and as a pre- 
servative, in order to cUteck the development of micro- 
organisms which may turn it rancid. The amount of 
salt added may vary from i to 5 per cent., the so-called 
fresh or mild cured butters containing less than i J*per 
cent. Brine-pickled butters may contain as much as 
6T0 9 per cent . of salt . Boric acid or borax preservative 
may be added in amounts up to one half per cent., 
expressed as boric acid. 

The tHYSiCAL and Chemical Examination of Milk 
Cream and Skim Milk. 

Sampling . — Owing to the tendency of the fat to collect 
at the top, the sample should always be taken after 
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thoroughly mixing the bulk of the milk. The 'sample* 
bottle and cork should.be perf^tly clean, and the bottle 
should not fijled more than about three-quarters full, 
in order that the cream may be mijjed into the bulk of 
the milk by shaking, immediately l^fore examination. 

If tHe sample is required for bacteHological analysis, 
•it should be taken in a bottle which has not only been 
well cleaned, but sterilised by heating in an oven to 
150° for half an hour, the stoppered neck having been 
wrapped round witlf cotton wool which is kept in place 
by a piece of musliif tied over it. 

If the analysis cannot be proceeded with at once, the 
sample is best preserved by keeping it in a cool place, 
preferably in an ice chest. The addition of 0-5 gram of 
potassium dichromate, or i c.c. of a 40 per cent, solution 
ot formaldehyde ptr litre, will preserve milk for a pro- 
longed period; ft is, howevei, advisable to avoid, as 
far as possible, tampering with the sample in any way ; 
further, the addition of dichromate will naturally affect 
the specific^gravity and Content of ash solids less fat, 
while the additioji of formaldehyde may*interfere with 
the determination of fat by centrifugal methods. 

Immediately before the analysis the sample bottle 
shoijld be repeatedly turned in order to mix the creatn 
with the rest of the milk, heatiftg, if necessary, to about 
40®. The milk is then poured into a clean beaker ;«df 
any cream remains in the bottle, the milk should be 
returned to it and jhaken until only a trace of cream 
adheres to the sides . Every time a portion of the jample 
is to be weighed or measure4 off, it should be mixed by 
pouring from one vessel to another. In case {he sample 
for analysis should be soured and coagulated* it may be 
treated with ammonia as recommended by Weibull ; 



2 k 6 Industrial Organic Analysis 

» / / 

♦Richmond's procedure, which consists in addiilg 3 c.c. 
of dilute ammoma (one part of strong ammonia to four 
parts of water), may conveniently be adopted ; the con- 
sequent correction of the specific gravity is described 
below. If the samjple should contain lumps of churned 
fat (resembling butter), which may occur if it has been 
shaken too much in warm weather, it should be strained • 
through muslin, the lumps being analysed separately 
for fat. 


Physical Examination. 

The analytical processes described under this heading 
include the determination of specific gravity and dirt or 
foreign matter. In appearance, the milk should be fully 
opaqfie and homogeneous, and on standing at rest, it 
should form a 'well-defined layer of cream ; a collection 
of flaky particles indicates either udder disease or that 
the milk is so old that bacterial decomposition has set 
in. Skim milk will, of course, separate no cream layer, 
and in milk wliich has been heated, the separation is 
slower and les? pronounced according to the temperature 
♦ to which the milk has been heated. A pink colour will 
in all probability be due to, blood owing to local damage 
to the udder. In the presence of blood a red deposit 
will be obtained on centrifuging, which may be exammed 
under the microscope for blood corpuscles. A sour taste 
or "smell indicates that lactic acid-producing organisms 
have become active, while a bitter or saltish taste indi- 
cates either that the milk is derived from cows which 
have been improperly fed or are suffering from udder 
disease, or else that the proteins of the milk are being 
decomposed by,Jbacteria with the formation of peptones. 
A metallic taste is generally dt»e to the use of untinned 
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vessels, v^iile the injudicious use of certain fodderj, such 
as mangel-wurzels or turnips, alsp produces characteristic 
tastes in the milk. According to modern investigations, 
it would appe?ir that the last mentioned tastes originate 
from substances and bacteria introdficcd with the cow 
dung, so that the objections raised against these root 
fodders are not wholly justified. Milk very easily 
acquires the taste and smell of materials, such as car- 
bolic acid or dung, if left in their neigh- fl 
bourhood for some tjme. ** U 

Specific Gravity .— specific gravity of 
milk is determined with the object of detect- 
ing adulteration, either by addition of water 
or removal of cream ; the interpretation of 
the results will be left to a subsequent 
section. (See “ Solijis less Fat.") 

The determination should nof be made 
within a period of three hours of the milking, 
owing to the slight increase in specific gravity 
which takes place at fiet, probably owing 
to some change in the colloidal state (ft f]je 
casein (Recknagel’s phenomenon). The de- 
termination may be carried opt in the usual 
way by means of the Westphal balance, 
specific gravity bottle, or, as more com- 
monly the case, with a float specially de- 
signed for the purpose, known as a lactometer, 

Soxhlet's lactometer is sometimes furnished 
with a thermometer^ and is graduated to 
show specific gravities from 1*024 to 1*038. soiSiiet’s 
The length of the scale divisions is so lactometer, 
adjusted that the fourth decimal place may be g^timated. 
The instrument is adjusted to 15® C., the specific gravity 

A,LA, 17 
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found? indicating the ratio of a given weight ot the milk 
to, that of an equal weight of water at this temperature. 
Readings may be reduced to 15® by ^d(Jing two units 
to the fourth decimal place for each degree above 15®, 
and subtracting two units for each degree below ; these 
corrections hold good for temperatures between* 10® and 
20® C. It is not essential that the lactometer should be 
provided with a thermometer, in fact, most lactometers 
are made without ; the temperature correction should, 
of course, never be omitted. 'I’leth's lactometer is 
similar to Soxhlet's, but stouter and shorter. It is 
always advisable to check the instrument, and determine 
any correction which may be necessary by comparison 
with one which is known to be correct, or with the 
Westphal balance or pyknometer. In checking, careful 
note should be taken of the position of the graduation 
read relative to the surface of the m?lk (see below). 

Before taking the specific gravity the sample should 
be well mixed and then poured into a cylinder of suit- 
able size, avoiding the formation of froth on the surface. 
The float is-i carefully lowered into the milk until the 
division 1*025 coincides with the surface, and then 
allowed to come to equilibrium of its own accord. Keep- 
ing the eye on a level with the surface of the mil)c, the 
reading is taken at the highest point at which the milk 
Jls seen to rise up the spindle. The specific gravity of 
whole milk usually lies between 1-029 1-034, or, a» 

is sometimes stated, between 29® and 34®. Skim milk 
has a somewhat higher specific gravity, usually between 
1*035 wid 1*037, owing to the absence of fat. 

If anunonia has been added according to Richmond's 
direction- {see under ** Sampling "). an equal proportion 
of the same ammonia should be added to fresh m^, and 
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the change in specific gravity thus occaaoned noted ; 
the correction may then be applied to the sour sample. 

Dirt and F(^ei^n Matter. --The following method by 
which the foreign insoluble matter is estimated in milk 
is due to Stilt zer : the apparatus required consists of a 
bottle ofiabout a litre capacity, having*a tapering neck, 
connected by means of a wide piece of rubber tube to 
a strong test tube without a rim. The bottle is charged 
with a litre of milk, connected with^the test tube, and 
the whole is allowed to stand for two hours in an inverted 
position, so that any sediment will collect in the test 
tube. The rubber connection is then pinched together 
with a clip, and the bottle is disconnected ; the milk is 
decanted from the sediment in the test tube, which is 
washed several times with distilled water acidified with 
a little hydrochloric icid, in order to dissolve the calcium 
phosphate, which is a normal constituent oi the milk. 
The sediment is collected on a Gooch crucible, washed 
with water until the filtrate is no longer opalescent, then 
with alcohol and ether, dhed at loo® anJaveighed. It 
may further be examined under.the microtcope. 

Berch recommends that the milk should be preserved 
with formalin (see under “^Sampling "), in order thafit 
may Je allowed to settle for twenty-four hours. 

Go^ clean milk should contain only from 5 to lo 
milligrams of dirt per litre, though milk of commerce* 
often contains considerably more. The figures obtained 
by this method should not be taken too literally, as 
some of the original dirt may have dissolved jn the 
milk, some adheres to the fat globules and is carried to 
the surface, while a further quantity may di^lve ,in 
the alcohol and ether. Thus, the prind^al •olid im- 
purity of milk is cow dung, and this contains a large 
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propSrtion of water and soluble matter. Tfie bacteria 
introduced with the dung will therefore readily become 
distributed throughout the milk . The ^§thod, however, 
gives an idea of the care which has been bestowed on 
the important operation of straining the milk. Quite 
recently a con'^fiction was obtained for an excessive 
amount of dirt in milk. • 

A method by which the relative number of micro- 
organisms may be joughly estimated with a view to 
forming an opinion as to the car& and cleanliness in the 
previous treatment of the milk is described later. 


Chemical Examination. 

IJnder this heading will be described the determination 
of the acidity of milk, fat in wholaf-milk, skim milk and 
cream, proteins, including casein aad albumin, lactose 
and ash in milk, after which the analytical results will 
be discussed from the point of view of the detection of 
the adulteraifon of milk. Finally, tests for the pasteur- 
ising and bicterial contents of milk will be dealt with. 
The examination of milk, as well as butter, for preserva- 
tives will be considered in Cl^apter VIII. 

' A cidity .—This is determined by titrating with standard 
caustic soda, baryta,* strontia or lime solution, using 
^phenol phthalein as indicator. Very often the degree of 
acidity is understood to express the number of c.c. of 
normal caustic alkali solution required to neutralise 
looj f .c. of milk ; Soxhlet and Henkel, however, use 
one-quarter normal alk^i per loo c.c., and their degrees, 
which dre often used on the continent, are thus two- 
fifths of^the above degrees. Richmond titrates lo c.c. 
of milk with decinormal barjda solution, or it c.c. with 
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eleventh Sormal strontia, using i c.c. of i per'cent. 
phenol phthalein ; as a standard, he uses an eqyal 
volume of millj coloured with one drop of o*oi per cent, 
.rosaniline acetate in 96 per cent, alcohol. In practice 
it is often found convenient to titrate 20 c.c. of milk 
with dectnormal caustic soda ; the alkaii solution should 
be kept in a bottle provided with a soda lime guard 
tube, the bottle being placed above the burette so that 
the latter can be filled automaticallYj The burette may 
also be provided with a soda lime tube if it is filled 
through a side tube,* or a small burette which is fre- 
quently emptied may be used. Care should be taken 
always to use the same amount of indicator and to 
titrate to the same tint. 

Normal fresh milk which has an amphoteric reaction 
towards litmus generally shows an acidity of 16 to 19 
degrees when tested by the above method, i.e., ten times 
the number of c.c. decinormal alkali per 10 c.c. An 
acidity below 15 will indicate that the milk has probably 
been derived from sick cc^s or that it has-been diluted 
with water ; the reaction towarjds litmus •will then be 
alkaline. A high acidity in milk which is known to be 
fresh will also indicate tha^ it is abnormal. Normal dn- 
heated milk almost invariably becomes sour on keepinjf 
owing to the action of the lactic afcid bacteria which con- 
vert the milk sugar, or lactose, into lactic acid. ’It 
interesting to note that these organisms which are usually 
regarded as being the most characteristic of the milk 
bacteria, owing to the fact that they readily obt^n^pre- 
dominance in the first stage of bacterial decomposition, 
are derived from the manure, and always becoifie estab- 
lished in the milk by indirect if not by direct dnfection. 
Although it is useful to be able to detect incipient souring 
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in a Sample, bacterial multiplication will always be far 
a4vanced at this stage ; in this respect, the reductase * 
test (see p. 288) gives far sharper indications. Acid for- 
mation proceeds until an acidity of over 100 has been 
reached, corresponding roughly to about i per cent, of 
lactic acid ; if the milk is kept at temperatures^from 40® 
to 50°, over double the amount of acid may be produced 
owing to the action of the bacteria usually associated 
with Bulgarian sour milk, e.g., Bacillus Bulgaricus (named 
Thermohacterium Bulgaricum by Oda Jensen) . The well- 
known phenomenon of curdling, Jipart from the action 
of rennet or bacteria which produce rennet-like enzymes, 
is due to the precipitation of the casein by the lactic 
acid formed by bacteria. 

When the acidity reaches the neighbourhood of 25 
degrees, the milk will generally toagulate on boiling, 
and at an acidity of about 21 it wilhgenerally coagulate 
on the addition of an equal volume of 68 per cent, 
alcohol. The empirical " boiling ” and “ alcohol " tests 
have been based on the above properties. 

Bacteriahsouring is, of industrial importance in the 
souring of cream for butter making and skim milk for 
margarine making. The» organism generally employed 
* for these purposes is that known as Streptococcus Lacticus 
named S. Cretnoris by Orla Jensen. Properly soured 
••cream is more easily churned than fresh cream ; it also 
gives a better yield of butter, and a more uniform and 
less perishable product. The acidity aimed at in the 
casq of cream will naturally depend on its fat content. 

Special milk preparations,' such as Bulgarian sour 
milk, Koumiss, Danish “ thick milk,” etc., are produced 
wholly partly by the action of lactic acid bacteria ; 
these organisms also play 'an Important part in the 
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mak&g and ripening of many cheeses, for ej^ple, , 
Thermobacterium Helveticum both in the making and 
ripening of Gruy^re cheese. * 

Fat , — nflmber of methods have been devised for 
the estimation of this very important constituent. 
They may be divided into two classes first, the accurate 
/nethods, such as the Gottlieb, Werner-Schmidt, Adams, 
Babcock asbestos and maceration methods, and, second, 
the Gerber, Babcock, and Leffmann and Beam methods, 
which are less accurate but more rtpid and adapted for 
.the testing of large jiumbers of samples. Owing to the 
importance of the estimation, several methods will be 
described, but it will only be possible to make a selection 
of some of those in use. 

Accurate Methods for the Determination 
OF Fat in Milk and •Cream, etc. 

The Gottlieb Method , — ^This method wa 5 formerly looked 
on with disfavour by some workers in this country, but 
it is an excellent methodif properly carriG^ out . Barthcl 
and Weibull recommend it as being* better than any 
other for skim milk and butter milk (see Barthel's work 
mentioned at the end of this*chapter). Mooi and Part- 
rid^ recommend it for sour milk, and Richmond recom- 
mends it for dried milk and general use. Various special 
pieces of apparatus have been designed for carrying opt 
the Gottlieb method ; the best known of these is the 
Farnsteiner tube ; Richmond's modification is described 
here, as it only requires a tall narrow stoppered^ cylinder 
of about 50 c.c. capacity. * 

Hve c.c. of the milk are carefully measured into the 
cylinder by means of a pipette, the exaq^ weight of milk 
delivered by the pipette under standard conditions’ 
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having been determined. Half a c .c . of ammoifia (strong 
ammonia, specific gravity o-88o, diluted with an equal 
vofume of water) is added and the mixture is well 
shaken ; 5 c.c. of alcohol are added and the mixture is 
shaken ; the solution of any lumps present is facilitated 
by warming in htt water. 12*5 c.c. of ether are added 
and the mixture is shaken well ; 12-5 c.c. of petroleum 
ether, boiling below 60°, are then added and the shaking 
is repeated ; after standing for a few minutes, the tube 
is again shaken. The success of the operation will 
depend on the addition of the ingredients in the right- 
order and shaking well each time. As soon as separation 
of the layers is complete, which will be in about five to 
ten minutes, the ethereal solution is removed as com- 
pletely as possible to a 200 c.c. flask by means of a wash 
bottle arrangement made of the snoallest possible quill 
tubing ; if the delivery tube is lengthened so as to form 
a syphon, less disturbance of the layers is likely to take 
place. The mixture is then shaken with three successive 
portions of admixture of equal volumes of ether and 
petroleum et||ier'(the recovered solvent may be used), 
which are transferred to the same flask. After most of 
the« solvent has been distilled off, the flask is placed in 
the water oven and dried to a constant weight. After 
weighing, the fat is just. melted and extracted from the 
fl^k by washing with four successive portions of 5 c.c. 
of petroleum ether, and the flask is dried for half an 
hour in the water oven and weighed. The difference 
between the two weights gives the weight of the fat. 
The lAethod of estimating the fat. in an aliquot portion 
of the ethereal solution, bttained by using a graduated 
tube, has Ijpen <pund by Richmond to be less trustworthy 
than that described.^ 

^ Analyst, 1908 , 389 . 
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, Cream may*be treated in the same way, i to ij grams 
being weighed into the tube from a small beaker and 
thert made up to 5 c.c. with water. 

Dried Milk. — 0-5 to 07 gram is placfcd'in the tube 
and made up to 5-15 grams with water : after adding 
the ammonia and )ilcohol as described above, thprough 
solution should be ensured, if necessary, by warming. 

Eichloffi has designed the modified form of apparatus 
shown in Fig. 18 for carrying out the determination of fat 
according to the Gottlieb process^. The vase-shaped 
vessel possesses obvious advantages over the long gradu- 
ated tube which it is designed to replace, being of such 
size and weight that it can conveniently be weighed on 
the balance ; the milk or cream may, therefore, be 
directly weighed out in it. As there are no gradua- 
tions, the whole of the fat must be weighed ; it is, how- 
ever, only necessary, after the first potion of the fat 
solution has been syphoned off as completely as possible, 
to wash out the vessel with two successive portions of 
25 c.c. of ethes, which need npt be shaken with the 
ammoniacal alcohol. The drying of the fat is con- 
, siderably facilitated by* using the specially designed 
beaker flask shown in the figure, instead of an 
oi^nary flask. After the sdlvent has been evapo- 
rated off, the fat may^ be completely dried within 
one hour , in this way, errors owing to oxidation are 
abided. As in the original process, double the quan- 
tities of milk and solvents mentioned above are used, 
but otherwise the details of manipulation are the same. 

The<^erner-Schmidt Method.-— TUs is similar in prin- 
ciple to the foregoing methtxi, but the milk (10 grams) 
is boiled \gth an equal bulk of hydrochloric add tiU 
dark brown instead of being shaken with ammonia and 
^ Milckwirtsch« 4 ^f^^ CenirMeti, 1910, p. 114. 
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alcohd, while ether is used to extract the fat. Tlje 
Stokes tube used for this method is a graduated tube 
which has a constricted middle portion. If 
the whole of the fat is extracted, 30 c.c. of 
dry ether are added in the firs 4 instance 
(after cooling), and this is followe(tby three 
successive portions of 20 c.c. of ether. Rich- 
mond prefers the method of adding 50 c.c. of 
ether and drawing off an aliquot portion as 
the error due to yie solubility Of lactic acid 
in ether is increa^d by repeated extractions. 

The fat is estimated as in the foregoing 
method. The tendency for small quantities 
of substances other than fat to be extracted with the 
fat is somewhat greater than in the foregoing method. 

The Adams Method .— is the oldest of the methods 
in use at present. Five c.c.^f the milk are carefully 
distributed from a pipette delivering a known weight 
under the same conditions on to a piece of fat-free 
blotting paper specially made for the purpose. The 
paper is allowed to dry spontanecmslj in a place free 
from flies, warmed for a few*minutes in the water ove^, 
then coiled up and placed jn a Soxhlet extractor, where 
it is extracted for five* hours with ether which has l)een 
>^hed with water and c^ed by calcium chloride. 
General directions for extractions and illustrations of 
the apparatus are given on pp. 87 to 89. Care shotlfd be 
taken to exclude moisture, or a little of the milk sugar 
may be rendered Soluble. The ether is distilled off, and 
the fat dried to constant weight in the water ^ven. It 
is pointed out by Richmond that the method gives low 
results with homogenised milk, i.e,, mill^in which the 
&t globules have beeiv artificially comminuted. 
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. The Mficeration Method. — ^This method is nior^ labor- 
ious than the foregoing on^, but it is specially applicable 
to sour and decomposed milk, and is used by the referees 
under the Sale of Food and Drugs Act in the Govern- 
ment laboratory.^ • 

Babcock's Asbestos Method. — This method has-been 
adopted by the American Association of Official Agricul- 
tural Chemists. A hollow cylinder of perforated sheet 
metal, 6o mm. long and 20 mm. in diameter, closed 5 mm. 
from one end by a disc*6f the same material, is required. 
The perforations should be about 071 mm. in diameter 
and about 07 mm. apart. The cylinder is filled loosely 
with i‘5 to 2*5 grams of freshly ignited woolly asbestos 
free from fine and brittle material. After cooling in a 
desiccator the cylinder with asbestos is weighed ; a 
weighed quantity of 3 to 5 grams of tljc milk is soaked 
up into the asbestos, anefthe whole is di;ied to constant 
weight at 100° ; the total solids are thus determined. 
The fat is extracted by dry ether in an extractor, and 
may be weighed after distilling off. the ether or by differ- 
ence. Most of Working details are similar to those 
given under the Adams method. 

CalwUation Method, — This, is not so accurate as the 
foregoing direct methods. It depends on a knowledge 
of the percentage of total solids and the specific gravity, 
and^the .application of the formula connecting these 
values with the fat percentage. (See p. 279.) 

Rapid Methods for the Determination of Fat in Milk 
and Cream. — In the methods which are most commonly 
employed in practice, the fat is separated from the 

* For descriptions of this method, see Richmond's “ Dairy 
Chemistry,’* alfj Thorpe, Analysi, 1905, 197, and Richmond and 
Miller, Analyst, 1906, 317. 



Milk atid Butter. 2^ 


other ionstituents of the milk or cream 
by the use ot the centrifuge, and its 
volume re2j|(i off. 

Gerber’s ^Method. — Fig. 20 shows one 
form of butyrometer tube or bottlC^which 
may^e used for the analysis of milk by 
this process. Into this tube are intro- 
duced 10 c.c. of concentrated sulphuric 
acid of specific gravity 1-820 to 1-825 
15° C., and II OiC. of the milTt, taken 
from a w^ell-mixod sample, arc carefully 
run in from a pipette so as to avoid com- 
plete admixture with the acid. Finally, i 
c.c. of amyl alcohol of specific gravity 
0.815 at 15° C. and boiling point between 
128° and 130° » added. The acid and 
alcohol which ^re employed fo facilitate 
the separation of the fat in a clear Ikyer 
are added from measures which automati- 
cally deliver the required amount^, .or 
from burettes or pipettes. A well-httyig 
long rubber stopper is inserted in the 
butyrometer tube, which is then well 
shaken till all lumps are dissolved and 
whirled in a centrifuge at .about 1,000 
revolutions per minute for three to four 
minutes. The tube and its contents are 
brought to 65° in a water bath, and the 
fat percentage is directly read off by 
observing the graduation to which the 
lowest part of the meniscus of the fat 
layer reaches, the lower surface ha^ung, 
been brought to the zero division, or any 



^ Fig. 20. 

Gerber Tube 
for Whole Milk. 




other convenient mark, by manipulating 
the rubber etopper. 

Similar tubes may be ob,tavied for the 
analysis of skim milk or cream by this 
method. The tubes for whole milk are 
usually graduated to show up to or 9 
per cent, of fat,, while those for cream 
show up to about 40 or 60 per cent, of 
fat, usipg either 5 grams or 5 c.c. of 
cream. The special tubes, measures, and 
all other requisites for the above process, 
may be obtained from most dealers in 
chemical apparatus. 

The Gerber bottles and bottles used in 
similar methods should be checked by 
duplicate determination^ made by one of 
the more accurate methods. The layer 
read as fat is by no means pure fat ; the 
method is subject to several errors which 
tend to balance onb another. Richmond 
hus made a thorough study of the Gerber 
method, including the calibration of the 
bottles.^ , 

The Babcock Method.-— T\i\s method, is 
used in America in place of the Gerber 
method which it closely resembles.* Fig. 


22 shows the type of bottle used. 17*6 
c.c. of the milk are fct run into the 
bottle from a pipette, and then 17*5 c.c, 


* " Dairy Chemistry ” aad Analyst, 1905, 325, 
and 1918. 405. 

Fig. 21. ^"Chemical Testing of Milk and Cream," 
Garber Tube foe U.S. Bureau of Animal Industry, 1917. 


Skimhfilk. 
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of sulphuric acid of specific gravity 1*82 to The* 
acid and the milk should be •run down the side of the 
neck. The jni^ure is shaken without interruption until 
solution is complete, and the bottle is 
centrifuged for four to five minutes. 

Hot v^ater is then added until the Con- 
tents come nearly to the bottom of the 
neck, and the whirling is repeated for a 
minute. More hot water is ad^ed to 
bring the fat to a* point below the top 
graduation mark fti the neck, and the 
whirling again repeated for a minute. 

The percentage of fat is read off from 
the graduations, the temperature of the 
contents being at a temperature between 
130® and 140® F.,*the temperat]jre of the 
added water being regulated so that the 
fat will be read at such a temperature. 

The first portion of hot water is to be 
run down the side of tKe neck, the second 
to be dropped through the {at to deaf 
it. The fat reading is taken from the 
lowest point of the meijisciJs. 

Ihe Leffmann and Beam Method,-— 

This is a modification of the Babcock 
method ; Leffmann and Beam origin- 
ally introduced the use of amyl alcohol Babcock Bottle 
in order to faeij^tate the separation Mil^ 
of the fat and thus to reduce the time oL ^hirling. 
The Gerber method was bas^ on this process. Bottles 
simiiar in shape to the Babcock bottles* are used ] 
these are graduated for use with 15 c.e. ortnilk. Three 
c^c. of a mixture of equal parts of amyl alcohd and 
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hydrochloric acid are added and shaken with the milk. 
Nine c.c. of sulphuric aci^ (96 per cent., specific gravity 
1*842 at 1 5 •5'’) are carefully added and mixed with the 
contents so as to avoid sudden overheating, and boiling. 
The surface of the l^ljuid is brought near the top gradua- 
tion mark by adding a hot mixture of equal parts of 
sulphuric acid and water, the bottle is whirled for one . 
or two minutes, and the clear fat layer is read off from 
the bottom of the meniscus. 

l^oies on the Centrifugal Methods . — Of the above 
methods, the Gerber is the simplest apd most convenient. 
The various bottles may occasionally be incorrectly 
graduated and should be tested against bottles known to 
be correct, or one of the more accurate methods ; in the 
latter case the divergence should not be more than about 
0*15 per cent. The bottles should be cleaned immedi- 
ately after use by rinsing with hot watpr several times. 
The sulphuric adid must be of the correct strength or 
failure will result. The amyl alcohol should be sub- 
mitted to a blabk test, using 'in the Gerber method 
10 c.c. of acid, 1X0 c.c. of water, and 2 c.c. of the alcohol. 
No fat reading " should be obtained, and, if this is 
the case, the alcohol will contain petroleum which will 
vitiate the results. 

A large number of determinations may be rapidly 
cabled out by the methods involving centrifuging, the 
results obtained being suflhciently accurate for ordinary 
technical and commercial work. 

Proteins . — ^The method of estimation of the total pro- 
teins of milk by treating 10 grams of milk according to 
•the Kjeldalil process for estimating nitrogen, and calcu- 
lating the percentage of nitrogen thus found to proteins, 
by multiplying by 6*37, does not give very reliable 
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results, » the whole of the nitrogen contained ^n the 
milk is not present -as protejns. Better results arc 
obtained by estimating separately the casein and albumin 
by the methods how to be described. 

Casein , — The determination of thi^ constituent must 
be carried out on fresh, or nearly frd'sh, uncoagulatcd 
piilk. If the analysis cannot be proceeded with during 
the next twenty-four hours, the sample should be pre- 
served as described under the heading of “ Sampling,'* 
preferably by keeping it in a refrigerator, but failing this, 
by means of potassium dichromate. 

The methods by which casein is separated from 
albumin and other constituents of milk depend on the 
fact that the casein is salted out, t.c., precipitated, by 
the addition of solutions of certain salts sucli as altftn or 
magnesium sulphate, while the albumin is not so pre- 
cipitated, exceptijg in the preseifce of free acid. After 
the casein has been salted out the albuitiin may be pre- 
cipitated by the addition of tannic acid, with which it 
forms, like most of the psoteins, an insoluble compound ; 
it may also be precipitated from the s^urated mag- 
nesium sulphate solution by bcfiling with a little dilute 
acetic acid. Both the cas^u and the albumin •are 
estimated as nitrogen b^" the Kjeldahl process.^ An 
alterative method consists in j)recipitating the casein 
by adding a little dilute aceti^ acid to the diluted mil]c 
and estimating the albumin in the filtrate by tfie- 
Kjeldahl process. This method is, however, not so 
reliable as the othert indicated above, as the casein is 

^ The Kjeldahl process is descrll^ed on jip 20 to 2^. For the 
present purpose it is only necessary to use sulphunc acid and 
copper oxide or sulphate as the conversion to ammonia is effected 
fairly easily. 

A.I.A, 18 
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, not always * quantitatively precipitated by means of 
acid. 

The American Association of Official Agricultural 
Chemists recommend the following method for the 
estimation of casoin in milk 
To 5 grams of Jnilk add 50 c.c. of a solution ^of mag- 
nesium sulphate saturated at 45°, and heat the mixture 
to 45® till the precipitate separates and subsides, leaving 
the supernatant liquor clear. Collect the precipitate on 
a filter, wash two 01 three times with a solution of mag- 
nesium sulphate, as used above, at the same temperature, 
i.e., 45°, and, after drying in the steam oven, transfer 
the filter and precipitate to a Kjeldahl digestion flask 
for the determination of the nitrogen. The amount of 
nitrogen found, multiplied by 6-25. gives the weight of 
casein present in the sample analysed. 

An alternative method for precipitating casein (Schloss- 
man) is to dilute 10 c.c. of milk witli 40 c.c. of water, 
and to add, while stirring, i c.c. of a cold saturated 
solution of alum, when the casein quickly separates. 
If the supernatant liquid is not quite clear a further 
quantity of alum solution, not exceeding 0*5 c.c., is 
added, drop by drop. The casein is then filtered off and 
^timated as nitrogen by tlie Kjeldahl process. 

For the precipitation of the casein by means of acid, 
the following method is fccommended by the American 
C^fficial Association of Agricultural Chemists : — 

Ten grams of milk contained in a beaker are diluted 
with 90 c.c, of water at 40® to 42®, and 1*5 c.c. of a 
10 per tent, solution of. acetic acid in water is added at 
once. T}ie mixtuie is stirred with' a glass rod and allowed 
to stand for five minutes, after which the supernatant 
liquid is'^urSd off, and the precipitate washed with 
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cold wat^ by decantation. The casein is collected on 
a filter and estimated as nitrogen by the Kjeldahl 
process. 

Albumin . — Tho filtrate with washings obtained by* any 
of the above Vnethods, from the pre^pitated casein, is 
treated with lo c.c. of a solution of ^ grams of tannic 
acid in 8 c.c. of 25 per cent, acetic acid, which has been 
made up to 200 c.c. with 40 to 50 per cent, alcohol ; the 
resulting precipitate is filtered off after settling, washed, 
dried and analysed by the Kjeldahl pi»ocess. The amount 
of nitrogen found, multiplied by 6*34, gives the amount 
of albumin (and globulin) present in the milk. 

It was stated above that albumin is only precipitated 
from a saturated solution of magnesium sulphate in 
presence of acid. If the casein has been precipitated by 
means of this salt, as in the first of the methods described 
above, the albumin may be precipitated by neutralising 
the filtrate from tife caseir with dilute sodium hydroxide 
solution, adding 0*3 c.c. of 10 per cent.* acetic acid and 
heating in boiling water for ten to fifteeiwninutes. The 
precipitate is collected on a filter and ^inalysed for 
nitrogen, as in the previous method. 

It is, of course, necessary that the filter paper used^for 
collecting the precipitated*prdleins should be either free 
from^nitrogen or else of known nitrogen content, as it 
is treated together with the proteins in the Kjeldahl 
determination. The tannic acid used should also 
tested to make sure that it is free from nitrogen, 
total Proteins by Aldehyde Figure .” — ^The following 

rapid method is Richmond’s modification of Steifiegger's 
process.! It depends on the fact that proteins, combine 
with formaldehyde to form acidic substances which can 
‘ Analyst, 1908, 113, and 1911, 9. 
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• be estimated by titration. To 10 or ii c.c. ef milk at 
least I c.c. of J per cent, phenol phthalein solution is < 
added, and the milk neutralised with eleventh normal 
(apflroximately) strontia solution. TwoVc. of 40 per 
cent, formaldehydt solution are added, and the titration 
continued until tJie same tint of pink is restored. The 
number of c.c. used in the second titration, multiplied 
by ten to bring it to the acidity degree basis, is known 
as the aldehyde figure or amino acid number. For 
strontia, this number, multiplied, by o-i^o, gives the 
percentage of proteins in the milk, The acidity of the 
formaldehyde must be determined and deducted from 
the result of the second titration. For decinormal soda 
the factor is 0*191. In the case of abnormal milks the 
method breaks down, and if the milk is sour, high results 
are obtained owing to the proteins leaving been partially 
hydrolysed and thus ‘Jjrcsenting morp amino groups to 
react with formaldehyde. Richmond, however, 
found the method to be reasonably accurate so long as 
the milk was not curdled. It, may be pointed out that 
the above faptofs are only applicable to the proteins of 
normal cow’s milk. 

Milk Sugar . — Two meyiods will be described for the 
determination of this constituent in milk, the one gravi- 
metric and the other optical. In this connection Chapter 
yill. should be consulted as well. 

Gravimetric Method , — ^The process to be described, due 
to Allihn and Soxhlet, depends on the ability of lactose 
to reduce a warm alkaline solution of a cupric salt 
(Fehfing’s solution), the amount of the insoluble cuprous . 
oxide formed under given conditions being taken as a 
measure ^f thp lactose present. The amount of lactose 
corresponding to a given weight of copper or copper 
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oxide, as*obtained by the method to be described, is 
determined by reference to the Accompanying tablc„as 
the amount ci^prous oxide precipitated is not strictly 
proportional U) the amount of lactose present. Before 
the actual estimation of the lactose in. milk can be pro- 
ceeded with, the proteins must be roTnoved as follows 
(Ritthausen) 

Twenty-five c.c. of milk are weighed out and diluted 
with 400 c.c. of water in a 500 c.c. flask. The proteins 
are precipitated by !ldding 10 c.c. of Fehling’s copper 
solution (containing*69‘28 grams of CUSO4, 5H2O per 
litre, not the alkaline tartrate solution), and then 

SOXH let's TaBI E for FlNDINd THE WeUHIT OF LaCTOSE CoRRK- 
SPONUING TO A (ilVEN WfK.HT OF foPPKH REDICED 
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MINING Lactose 
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sufficient decinormal sodium hydroxide solution to give 
a neutral or feebly acid reaction. Usually, from 6*5 to 
7*5 c.c. of the alkali solution will be -sufficient ; in no 
case should enough be added to produce an alkaline 
reaction. 20 c.c .'of a cold saturated solution of sodium 
fluoride are then added in order to remove the dissolved 
calcium salts, the presence of which tends to influence 
the results of the sugar determination. After allowing 
to settle for half an*hour the flask is filled to the 500 c.c. 
graduation, and the clear solution ‘filtered through a dry 
filter. In a deep porcelain dish,* 50 c.c. of Fehling's 
solution (made by mixing 25 c.c. of the copper sulphate 
solution, as used previously, with 25 c.c. of a solution 
containing 250 grams of potassium hydroxide and 350 
grams of Rochelle salt per litre) are heated to boiling, 
and 100 c.c. of the filtrate containing^the lactose, obtained 
as just described, are added. After sfirring, the mixture 
is boiled for ekactly six minutes, and the precipitate 
formed is filtered off on a Gooch crucible, washed with 
water, alcohol and ether, and converted into cupric 
oxide by placing the Gooch crucible inside an ordinary 
crucible and heating over a Bunsen flame. The amount 
of lactose may then be found by reference to the table. 
In Allihn and Soxhlet’s original method the cuprous 
oxide was reduced to copper and weighed as such in a 
'special tube. 

For a polarimetric method, see Chapter VIII., p. 391. 

Total Solids, Direct Determination , — ^About 2J grams 
of the* milk are weighed as quickly as possible in a 
shallow porcelain dish aj* to 3 ihches wide (milk dish). 
The dish is then heated on the water bath until the 
residue ^peah dry ; in order to prevent the formation 
• of a skin, Revis* procedure of adding i c.c. of acetone 
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may be adopted. The dish- and residue is then, trans- 
ferred to a water oven and weighed every hour. It is 
not possible tp absolutely constant weight, for 

the residue decomposes slightly on prolonged heating, 
as is indicated by its turning brown!. The weight may 
be takdn as constant when the loss is not more than a 
milligram per hour. For rapid routine work, when a 
number of samples have to be tested, the milk may be 
measured from a pipette graduated to deliver 5 grams 
of milk of specific gravity 1*0320. The time of drying 
on the water bath and in the oven will be standardised, 
so that repeated weighings are unnecessary. 

Cream may be analysed in a similar manner ; Rich- 
mond advises the mixing of the cream with its own 
volume of alcohol before drying, and when the residue 
is apparently dry, ^0 incline the dish so that the fat does 
not cover the no»-fatty residue. 

The Babcock Asbestos Method .— already been 
described in connection with the estimation of fat . The 
method is recommended by Richmond,* \tho uses it for 
the determination of total soUds alone hy drying the 
milk on asbestos contained in a crucible. 

Calculation Method . — Jf the specific gravity and fat 
percentage are known, the total solids may be calculated 
by Richmond’s formula : — 

T.S, = G/4 + 1*2 F + 0*14, 

where G =th6 lactometer degrees, c.g., for specific gravity 
i‘032i, G =32*1, and F =fat percentage. 

In routine analyses the total solids and thf specific 
gravity may be detennined, and the fat percentage cal- 
culated, or the fat and specific gravity detennined and 
the total solids calculated. The usefiiln^and relia- 
bility of the above foritmla have been established by 
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. numerous analyses. Tables based on it ard used in 
routine practice. Other formulae have been elaborated 
by*Fleischmann and Babcock. 

Soiids not Fat . — ^These are very simply found by sub- 
tracting the fat ftom the total solids. They should 
always be calculated, as they are subject to much* smaller 
variations in genuine milk than the total solids. . 

Ash . — ^Twenty grams of milk or less are w'cighed into a 
platinum dish and evaporated to dryness on the water 
bath, with the addition of a few dnops of acetic acid or 
alcohol to prevent the formation of a skin. The residue 
is carbonised at a clear red heat, cooled and extracted 
with water. The aqueous extract is filtered, taking care 
that as little as possible of the carbonaceous matter is 
brought on to the filter. The remaining carbon, which 
has now been freed from most of thii mineral matter, is 
burnt to ash, after whi^li the aqueous gxtract containing 
the mineral matter is returned to the dish and evaporated 
to dryness. The whole is then heated at a low red beat 
until a perfectly white ash is obtained, cooled and 
weighed. , ” 

. A simpler method is to ignite the total solid residue 
from 5 grams of milk over^a Bunsen burner till a white 
ash is obtained. To prevent undue volatilisation of the 
salts, a scarcely perceptible red heat should be employed ; 
under these conditions the loss is very slight. 

Other Constituents . — ^For the determination of the other 
constituents of milk, such as citric acid and lecithin, see 
the works mentioned at the end of this chapter. 

t- ‘ 

The Dete;rmination of the Genuineness of Milk. 

The SalQ. of Milk Regulations (1901) made by the 
Board of Agriculture provide that Where a sample of 
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milk (nflt being milk sold as skimmed, or separated, on 
condensed milk) contains less, than 3 per cent, of milk 
fat, it shall be presumed for the purposes of the Sale of 
Food and I^-ugs Acts, 1875 to 1899, until the contrary 
be proved, that the milk is not genuine by reason of 
the abstraction therefrom of milk fat or tlie addition 
• thereto of water," and "Where a sample of milk . . . 
contains less than 8-5 per cent, of milk solids other than 
milk fat, it shall be presumed . . . that the milk is not 
genuine by reason of the abstraction therefrom of milk 
solids other than milk fat, or the addition thereto of 
water." The Sale of Milk Regulations (1912) similarly 
places the minimum of solids not fat for skimmed or 
separated milk at 87 per cent. 

Another form of adulteration leading to a defi?:iency 
in fat, not mentioned above, is the addition of skimmed 
milk, which, however, practically comes to the same 
thing as abstracting cream. 

As mentioned above, samples below standard as regards 
fat percentage are most* likely to occur Giying the spring 
and early summer, Deficiency in solid% not fat, may 
occur during the months of July, August, and S(jptember.» 
If it can be proved that no adulteration has taken place, 
milk not conforming to the standards will not be con- 
sidered as having been sold V to the prejudice of the 
purchaser." In certain cases, as when the farmer fe^ods 
his cows for quantity regardless of quality, or partially 
milks his cows (the richest milk is obtained towards the 
end of the milking and thus reserved for the c^ves), the 
present state of affairs is ^hardly satisfactory *to the 
consumer. 

In calculating percentage deficiencies oti^mounts of 
added water, the abovfe minima must be taken as 
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standards in the absence of a duly authenticated sample 
fronj the same source. lii this way the figures obtained 
will often be below the truth, and it is therefore the 
custom to qualify the figures with the words “ at least." 

Deficiency in calculated as follows ; Supposing 
the sample to contain 2-5 per cent, of fat, then the' actual 
deficiency must be assumed to be 0-5 per cent., and the* 

0*5 xioo 

percentage deficiency will be at least =167 per 

cent. • ^ ^ 

If the Milk haa been watered, the splids less fat will be 
lowered ; suppose the solids less fat to be 8*i per cent. 
The actual deficiency is assumed to be 0*4 per cent., and 

the amount of added water will be at least = ii *8 

* i 0*5 

per cent. 

Watering will, in the first place, be Indicated by a low 
specific gravity ; ^if this is under i*0300,^thc sample must 
be regarded with ‘suspicion, but the real criterion is the 
percentage of soUds less fat, as a low specific gravity 
may be due to*a high percentage of fat. 

If the sample is not too old, the amount of added 
'water may be confirmed by the percentage of proteins 
as deYermined by the formaMeh{^de titration (see p. 275), 
assuming the normal percentage of proteins to be 3*4. 

Deficiency in Fat owinfto removal of Cream or addition 
of Skim Milk will not be accompanied by a lowering of 
the specific gravity and the percentage of solids not fat ; 
on the contrary, these values will b^ slightly raised, for 
the sp^pific gravity of separated milk containing only 
about 0*1 per cent, of fat is usually* about 1*035, 
percentage* of solids not fat about 9*0. If the fat per- 
centage wa^ reduced to 3*0 by such means, the analyst 
would not be able to supply any evidence of sophistica- 
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tion from an examination of the sample, though anyone 
detected in the act would b» liable to prosecution for 
not supplyimg the milk as it came from the cow. ^ 

Normal and Abnormal Milk . — Vieth found that the 
proportion of lactose to proteins to. ash in normal milk 
is as 13 to 9 to 2, and Richmond* has confirmed this 
ratio. In abnormal milks the ash content is often high 
and the milk sugar low. Many abnormal milks are low 
in solids not fat. 

The Heat SteriI.ising and Pasteurising of Milk. 

The Bacteria of Milk. 

It is a well-known fact that all micro-organisms are 
destroyed when exposed to a sufficiently high tompera- 
turc. On this p^nnciple it is possible to improve the 
keeping powers of milk by temporarily heating it to a 
suitable temperature. It was shown, by Pasteur that 
temperatures lower than loo'* could* be employed with 
success in destroying^ most of the micro-organisms of 
milk, and Weigmann has shown thatmaofhentary heating 
to 85® is sufficient to destroy the most*resistant of the 
pathogenic bacteria which are likely to occur in milk. 
Some bacteria, yeasts* and moulds, however, produce 
highly resistant spores which are only destroyed by a 
heating to 115° to 120® for a quarter to half an hour. 
Milk is sometimes sterilised in this way in bottle^^ it 
may then often keep for years, but it has a decidedly 

cooked flavour. Continuous or " flash " processes 
for pasteurising in which the milk is heated t6 a definite 
temperature for about half a minute, are not very satis- 
factory for ordinary milk of commerce, /or it is hardly 
possible to submit the jnilk to a temperatufe sufficiently 
high for efficient pasteurisation without giving it a 
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slightly cooked flavour. On the other hand, cream or 
separated milk for butter, margarine, or biscuit making 
may with advantage be pasteurised by the flash process 
at 8o°*to 85° for any pathogenic bacteria which may be 
present will thus b^Mestroyed. The importance of the 
proper pasteurisation of cream for butter-making will be 
appreciated in view of the fact that most of the tubercle 
bacilli in milk tend to pass into the cream on separating ; 
as it is possible to determine whether milk has been 
heated to at least 80° or not {see p. 287), the Danish 
pasteurisation law requires that cream for butter-making, 
skim milk, and butter milk (the two last mentioned 
products arc largely used for cattle feeding in Denmark)* 
shall be heated to at least 80®. 

It slfould, however, be noted that if pasteurised milk 
is kept too long, the changes which it will undergo, owing 
to the action of micro-organisms, will have much more 
serious consequeiteps than in the case of unpasteurised 
milk, especially if it was not cooled thoroughly im- 
mediately aftei; heating. The reasons for this are as 
follows : In ordinary milk, kept at the ordinary tem- 
perature, the relatively harmless lactic acid producing 
bacteria develop at a far nwre japid rate than all the 
other types of organisms present, and thus effectively 
keep the latter in check. * In this first stage of decom- 
posijtion, the milk is protected against putrefactive 
decomposition leading to the production of poisonous 
substances, while some time will always elapse before 
sufficient ffec lactic acid has been produced to coagulate 
the milk ; even when this has occurred, however, the 
milk will not contain any poisonous substances resulting 
from the so';rin^ process. The lactic acid produced 
effectively checks the development of the protein hydro- 
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lysing, putrefactive bacteria which only become active in 
neutral or feebly alkaline media, and it is only after the 
souring process has come to an end {i.e., when the\nilk 
contains ab 5 ut*i per cent, of lactief acid), and the lactic 
acid has been consumed by the yeasts or moulds which 
usually follow after the lactic acid jjfoducing organisms 
have ceased to develop, that the putrefactive organisms 
arc able to develop and act on the milk. 

When the milk has been pasteurised at a high tem- 
perature, the conditions arc entirdy altered ; the lactic 
acid organisms are^dcstroyed and leave no spores which 
might survive the elevated temperature. Many putre- 
factive organisms (e.g,, B. suhtilis, or the hay bacillus), 
on the other hand, form highly resisting spores which 
survive the pasteurising process and, on cooling, are able 
to develop in th(^ absence of lactic acid bacteria. The 
first stage in tlie decompositiofl of pasteurised milk is, 
therefore, often due to the developmqpt of putrefactive 
organisms which hydrolyse the protefns of the milk into 
the bitter poisonous p^tones, and further into polypep- 
tides, amino acids and amines. • 

For these reasons, the “ holder " process of pasteurisaj 
tion has come into favour during recent years, especially 
in America. This process involves the heating of Jhe 
mifk for longer periods at lower temperatures, at which 
some of the lactic acid bacteria survive. Ayers ^nd 
Johnston ^ have found that on heating milk for haH* an 
hour to 63°, the percentage of lactic acid bacteria among 
the surviving orgamisms is greater than it was among 
the original organisms, but that at temperatilr^s above 
767° the lactic aci& orgaftisms are mostly, destroyed, 

*"A Study of the Bacteria which survive ^:Hsteurisation,” 
U.S. Dept, of Agriculture, Bureau of Animal Industry, Bull. iCt, 
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the majority 6f the bacteria which survive being of the 
peptoniSing type. 

Akhough pasteurisatioli is a useful process when pro- 
perly carried out, it must not be looked on ms a process 
for saving milk wl;uch has begun to deteriorate, for 
objectionable bactexia and bacterial products may have 
been formed which it will be impossible to eliminate on 
heating. 

The effect of pasteurising on milk may be readily 
shown as follows : Several clean tubes of about 200 c.c. 
capacity are plugged at the mouth with cotton-wool, 
and sterilised by heating to about in an air oven, 
for about twenty minutes. They are then allowed to 
cool, without removing the cotton-wool plugs, and nearly 
filled yi^ith fresh milk, the plugs being replaced as soon 
as possible after the introduction of the milk. One tube 
is kept unheatcd, a second may be heated to 63® for ten 
minutes in a water bath, and a third '’to 80®. During 
heating the milk 'is kept stirred by a thermometer by 
which the temperature is taken, and, after heating, the 
tubes are cooltd as soon as posable in running water. 
The samples may then be examined by the reductase 
and fermenting tests as described below, the remainders 
of them being kept in the pfugg^d tubes at the ordinary 
temperature. The acidity and the taste of the samples 
may then be compared after standing for a day or more, 
when it will be found that the unheated milk goes sour 
much quicker than the heated samples, but that the 
sample heated to 80® ultimately develops the most un- 
pleasant taste and smell owing to peptonisation. The 
foregoing remarks will also be boriie*out by the results 
of the fermenting test, though it must be mentioned 
that good xi\ilk containing few bacteria may give a bad 
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result in this test owing to the fewness of fhe lactic acid, 
bacteria present. Even if this be so, the sample? heated 
to 63® will probably yield a gelatinous coagulum ’(see 
above). Thft destruction of most* of the bacteiia by 
heating wilf be indicated by the jncreased reduction 
times.. 

Test for Pasteurising . — ^The following test is that de- 
vised by Storch. None of the numerous modifications 
which have been proposed from time to time can be 
said to be improvements on tho original test. Milk 
contains an enzyme known as peroxidase, which has the 
property of causing hydrogen peroxide to oxidise certain 
organic substances ; the visible effect with paraphenylene 
d’ amine is a coloration which appears blue in the presence 
of milk casein. This enzyme is partly destroyed oq heat- 
ing to just below jSo®, and wholly destroyed on heating 
to 80°. It is not destroyed o» heating at lower tem- 
peratures, even if the heating be prolonged for half an 
hour, so that the test is of no use for drtecting pasteurisa- 
tion carried out at low temperatures. , 

The test is carried out as follows ; Tb 5 c.c. of the 
milk or cream in a test tube*add i drdp of a 0*2 per^ 
cent, aqueous solution of hydrogen peroxide, shake^then 
add 2 drops of a fresh t.per cent, aqueous solution jof 
paraphenylene diamine, and mix again by shaking. If 
the milk has not been heated, *t he nascent oxygen from 
the. hydrogen peroxide will act on the paraphenyltihe 
diamine, gi\dng rise to a blue coloration within a few 
seconds. If the milk has been heated above 80°, no 
colour will be developed in thirty seconds, whilfe if it has 
only been heated to 78® to 80® a greyish blue colour 
will form in about thirty seconds. This t^^t may easily 
be verified. 
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, Reductase test . — ^Tlie test which is now to be described 
affords *a means of ascertaining the relative number of 
micto-organisms present in milk. It has already been 
pointed out that thfe alteration in flav6ur|' and decom- 
position of milk, artf due to the action of the numerous 
species of micro-ofganisms which grow and reproduce 
in it. It is obvious that the greater the number of^ 
noicro-organisms present, the quicker will be the decom- 
position of the milk. Milk as it leaves the udder of a 
healthy cow contains relatively few organisms, all of 
which are generally of a harmless nature. From this 
moment onwards, however, it is liable to become in- 
fected by organisms from the. air, or any dirt, fodder, 
straw, etc., with which it may come into contact. 
Unless, therefore, the greatest care and cleanliness be 
observed in the treatment of the milk, its keeping 
powers will be materially reduced. 

The reductase test depends on the reduction of methy- 
lene blue to a colourless substance, the time required for 
the reduction of a certain quantity of the dye by a 
given volume of milk being noted. Although the 
mechanism of the process is not perfectly understood, 
Barthcl and Orla Jensen ^ have shown that the time of 
reduction as determined by.fhe method given below 
affords a means of classifying milk according td its 
bacterial contents. 

Test tubes of slightly over 40 c.c. capacity are required, 
these should preferably be strongly made and marked at 
40 c.c . They should be well cleaned-and rinsed in boiling 
water before use. The methylene blue solution may be 
made from tabloids specially prepared by Messrs. Blauen- 
feldt 8 c Tvede of Copenhagen. A solution containing 
^ Milchwirtschaftliches Ceptralbhtt, 19x2, 14. 
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0*07 per cent, of pure methylene blue may be used ; the • 
strength of the methylene blue may be determined as 
described by Knccht and Hibbert.^ Forty c.c. of ‘the 
milk are introduced into the tube! and i c.c. df the 
methylene blue solution is added and mixed with the 
milk by inverting the tube several tirnes, closing it with 
the palm of the hand, which must be quite clean. When 
all the tubes are ready they are placed in a water bath 
which is kept at 38° to 40°, and the time for complete 
decolorisation noted each case! Barthel and Orla 
Jensen found that ^ the majority of cases milk might 
be classified as follows : — 

Contuinint; Organisms 
l>er c.c. 

Class I. Decolorised in five and U 
half hours or longer - - - Under J millwn. 

Class 2. Decolorized in less than 
five and a ha^f hours, not l^s 
than two hours - - - - 4 niillions. 

Class 3. Decolorised in less than 
two hours, not less t^^an twenty 

minutes 4fto Jo millions. 

Class 4. Decolorised in less fhan 
twenty minutes " ; ’ millions. 

The results were check’ed with reference to gelatifte 
plate counts, which, however, •do not always afford an 
infallible means of estimating the number of mig^« 
organisms. The reductase test has been examined by 
Arup,* who found that such discrepancies as do occur 
between the results* of plate counts and the {eductase 
test judged by the above scheme may be minimised by 

* “ New Reduction Methods in Volumetric Analysis," igig, 
Macmillan. 

* Analyst, 1918, 1. 

A.I.A. 
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‘carrying out the test at 28° to 29°. This, however, 
precludes the test from ^ being combined with the fer- 
menting test described below, but, on the other hand, 
the latter test is the less important of the two for general 
purposes. From t)ie practical point of view, the results 
of the test were what might be expected, judging from 
the conditions of working on the farms inspected. 

Fermenting Test. — ^Peter’s fermenting test is mainly of 
importance in judginj^ the suitability of milk for cheese 
making. Orla Jensen proposes to eombine it with the 
reductase test, the type of fermentation being noted 
after twelve hours. The types are as follows : (i) The 
gelatinous type due to the predominance of lactic acid 
forming bacteria ; the curd may be quite homogeneous 
or broken up to a slight extent by gas bubbles. (2) 
The gassy type due to predominance of putrefactive 
bacteria ; the curd is "more or less b»*oken up by gas 
bubbles and almost invariably partly decomposed into 
soluble products owing to the peptonising action of these 
organisms. A aisagreeable smell will be noticed, and 
sometimes the smell of butyric acid will predominate. 
This is the worst type, and the gelatinous type is the 
best.^ (3) The curdy or spongy type arises when the gas 
bubbles are very minute ; this type is almost as objec- 
tionable as the gassy type. (4) The cheesy type is due 
to^the predominance of bacteria which secrete rennet- 
like enzymes ; the curd contracts and clear whey is pro- 
duced. This type is less objectionable than Nos. 2 and 3. 

In ju 4 ging milk according to the results of the re- 
ductase and the fermenting tests, the results of the 
latter are not taken into account when the milk is placed 
in classes x dt 4 according to the former. 

The above remarks regarding pasteurising may be 
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verified ty submitting raw milk and milk pasteurised* 
at different temperatures to the reductase and fermenting 
tests. 


Condensed Mili* 

• 

Condensed milk is manufactured by evaporating fresh 
milk in vacuo at temjjeratures of about 40° to 50® to a 
quarter or a third of its original bulk. Cane sugar is 
often added as a preservative to prevent the develop- 
ment of micro-organisms, so that the product may keep 
indefinitely in closed vessels. If sugar is not added, it ' 
is necessary to sterilise the condensed milk after tin- 
ning. When condensed milk is diluted with three to 
four times its bulk of water, it gives a product which 
has the same composition and general properties as new 
milk, excepting fonthc presence of cane sugar or invert 
sugar, and a cooked flavour. 

Before taking the sample for analysi^i^* the contents of 
the tin should be well mixed by stirring. After diluting 
in accordance with the instructions on tHe tin, the deter- 
mination of the various constituents may, 4 n some cases, 
be proceeded with as in the case of ordinary milk, and 
the results calculated bac|j to percentages on the ori^nal 
condgnsed milk ; in the presence of canc or invert sugaf, 
special methods, to be described in Chapter VIII., must 
be adopted for the estimation of the carbohydratafr. 
An unsugared product may be diluted to a specific 
gravity of i‘032 at 15® in the case of whole milk, or to 
1*036 in the case of skim milk. If cane or inveai^sugar 
be present, the specific gravity can neither be used as 
an index for diluting the condensed milk to a* strength 
corresponding to that of ordinary milk, W* for the^ 
calculation of the solids less fat as described above. 
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In the following table will be found typical analyses 
of different varieties of cendensed whole and skim milk, 
by Bi^ttenberg and ojthers (quoted from primmer) : — 



“1 







Without Cane Sugar. 

Condensed Skim Milk. 

• 


With Cano 






Sugar. 

Evapo- 
rated to 

Evapo- 
rated to 

With 

Cane 

Without 

Cane 



One-Half. 

One- 

'I'hird. 

Sugar. 

Sugar. 

.Water . 

27-88 

76-70 

66-91 

^7'43 

69-0 

Fat 

9-02 

6-80 

^75 

0-29 

0 30 

Proteins 

10-27 

5*89 

8-9.5 

ll’59 

12-4 

Lactose , 

14-20 

9 - 13 

12-50 

13-60 

157 

Cane sugar . 

30 06 


— 

44-92 


Ash 

i 

1-97 

1-48 

1-89 

2-17 

2-6 


Carbohydrates , — Besijles lactose afid cane sugar, or 
sucrose, it is possible that the condensed milk may 
contain invert stigar, i,e,, the mixture of dextrose and 
laevulose obtained by the hydrolysis of sucrose. 

The lactose is estimated in' the diluted sample as 
described aboi c for ordinary milk. As has already been 
* mentioned, sucrose docs not itself reduce Fehling's 
solution, and its presencc^will therefore not affect the 
determination of the lactose ty the gravimetric method. 
Invert sugar, on the other hand, reduces Fehling’s 
Sfeiution, and will, if present, be determined together 
with the lactose, in which case it will be necessary to 
determine the latter separately by other methods which 
will bg described in Chapter VIII. 

The total sugar content may be approximately esti- 
mated by subtracting the sum of the fat, proteins and 
,ash, detefttuned in the diluted sample, as described 
above for ordinary milk, ffofti the total solids, deter- 



293 


Milk atjd Butter 

mined directly by evaporation, also as describe^ above: 
Subtracting the percentage o^lactose from that of the 
total sugar, ^the content of sucrose will be found with 
sufficient accuracy for most purposes. If greater 
accuracy is desired, the sucrose iTjpst be determined 
separately, .as described below. 

If the amount of reducing sugar found would corre- 
spond to a larger proportion of lactose relatively to the 
proteins and ash in the sample than would be expected 
in ordinary milk, then the presence of invert sugar may 
be suspected. If, ton the other hand, the amount of 
reducing sugar found corresponds with a normal amount 
of lactose in proportion to the jgroteins and ash in the 
sample, but is appreciably less in amount than the total 
sugar, then sucrose may be assumed to be present*. 

Qualitative Test for Sucrose. — Sucrose in condensed milk 
may be detectedi)y the following method, due to Gayaux : 
10 c.c. of milk (or 0*5 gram of lacto§< to be tested foi 
sucrose, dissolved in 10 c.c. of water) are warmed in a 
test tube with 50 milligrams of resorciVi and 0-5 c.c. of 
25 per cent, hydrochloric acid. The presjence of sucrose 
is indicated by a red coloration after boiling for a few* 
minutes, no colour bein^ developed if lactose aldne is 
present. According to fochmond, 0-2 per cent, of catie 
sugar may be detected by this 4 :est. 

Calculation of the Composition of the Original Milk, q»d 
the Degree of Concentration of the Condensed Milk. — The 
fat contained in the original milk before evaporation 
may be approximately calculated from the pon-fatty 
solids in the condensed milk, exclusive of cane sugar, 
invert sugar, or other added material. For the purposes 
of the calculation, the percentage of n<jn-Atty solids in 
ordinary milk may be assumed to be 8*9. 
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Thei^ the percentage of fat in the original milk » 
Fat in condensed milk x 8*9 
Solids Ifss fat in condensed^milk 
Or, on the basis of Jthe protein content of the condensed 
milk, assuming thfe protein content of ordinary milk to 
be 3*4 per cent., the percentage of fat in the original 
milk = 

Fat in condensed milk x 3-4 
Protefns in condensed milk * 

,In this way it is possible to determine whether the 
condensed milk has been made from whole milk, or milk 
which has been deprived of its fat, either wholly or in 
part. The degree oi concentration of the condensed 
milk \nay be arrived at by a simple calculation from the 
solids less fat or proteins contained, therein, assuming 
the percentages of these constituents iij. the original milk 
to have been 8-9 and 3*4 respectively. 

Milk Powder and Infants’ Foods . — Milk powder, or 
dried milk, i^ gfenerally produced from whole, partially 
skimmed, or Qpm{)letely separated milk either by evapo- 
• rating thQ condensed niilk by passing it over heated 
rollers or by spraying it in a very finely divided con- 
dition into a chamber in whlct hot air circulates. The 
former process gives a 41 aky product, while the fatter 
giyes a fine powder which is more readily soluble in 
water. As regards convenience in handling and storing, 
dried milk possesses great advantages over condensed 
milk ; ^though the product is not' entirely sterilised in 
the process of drying, whole milk powder keeps well in ' 
sealed tins, and separated milk powder in wooden boxes 
or barrelsisvf stored in a dry place. The milk fat, being 
‘in a fine state of division, is liable to deteriorate if 
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exposed^oo much to air, a circumstance which is said to 
render the spraying process unsuitable for treating whole 
milk. Dried milk has been very favourably reported on 
as a food for, infants by many authorities. For tKis and 
the other reasons stated above, it^is likely to become, 
better known in tlje future. The dietetic value, manu- 
.facture, bacteriology, etc., of dried milk is fully discussed 
in a recent Report to the Local Government Board.^ 
The following table will give a general idea of the 
composition of dried milk : — 


• 

Per Cent, in 
Whole Milk 
Powder. 

• 

Per Cent, in 
Separated Milk 
Powder 

Moisture . 

2 to 6 

3 to TO 

Fat . . ... 

23 to 31 

0*5 (or more) 

Proteins . ^ 

23 td 26 

30 to 37 

Lactose (hydrated) . 

341041 

46 to 52 

Ash . 

5-5 to 7*5 * 

7-0 to 9*5 


Cane sugar or sucrose has sometimes* been found in 
dried milk, usually in small amounts up to about 3 pel* 
cent. The estimation o^f sucrose in presence of lactose 
is described in Chapter VIII. • 

Some infants’ foods on the market consist almost 
entirely of dried milk ; small amounts of sodium biggr- 
bonate may be added to increase the solubility, sodium 

* Reports to the Local Govt. Bd. 1. " Upon an Inquiry as to 
Dried Milks, with Special Reference to their use in Iqfant Feed- 
ing,’* by Coutts (with Appendices). 2. ""Some inve^gations 
bearing on the Nutritiire Value of Dried Milk," by Winfield. 
3. ” On the Examination of Milk Powders at JJxe Government 
Laboratory." These three reports are bound togtther as Foal 
Reports, No. 24. 
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’citrate ^0 increase the digestibility of the curd, while 
varying amounts of lactose may be added to simulate 
human milk. The analysis of infants' foo/is containing 
a starchy basis is described in Chapter VII# 

Solution in Wate/. — Milk powder may be " dissolved " 
by mixing first with a little cold water to form' a thin 
paste, and then stirring with cold or warm water, which 
is added by degrees. The floury skim milk powders 
generally give with cold water a product which does not 
separate any of the constituents of the milk on standing. 
Other products require warm water, ^nd even then give a 
deposit on standing. The fat quickly rises as an oily layer. 

Analysis of Dried, Milk. — Water may be determined 
by drying a few grams spread in a flat dish at 100® till 
constant in weight. Fat may be determined by the 
Gottlieb process, as described on p. S63, taking care to 
warm after adding the water and ammonia. Proteins 
may be determifi^jd by the Kjeldahl process, using about 
0*2 gram of the sample, and digesting with sulphuric 
acid and copper sulphate or oxide till clear (see p. 273). 
may be determined by incinerating as in the case 
' of milk (see p. 280). Lactose may be determined in the 
solution as in milk (see^p. Sucrose. For the 

detection and estimation of shcrose, see p. 293. Starch. 
This is a possible, though very rare, adulterant of milk 
powder. It is easily detected by microscopic examina- 
tion, and the blue colour which it gives with iodine (see 
pp. 304 to 308) . Infants’ foods containing starchy matter 
may be, recognised in this way. Ihe determination of 
starch in infants’ foods is 4escribod on pp. 311 and 358. 

If the ratio of lactose to proteins to ash is as in nulk 
(see p. 283)^Hhe sample will be genuine dried milk with- 
out, at leasts any appreciable addition. Taking the ash 
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in milk Is 075 per cent, or the proteins as 3-4 p§r cent.,* 
the degree of concentration i^ay easily be calculated, 
and thence the percentage of fat in the original milk. 
Milk powden used as infants' food &iould be made from 
full cream milk. 

The 'detection and estimation of preservatives, which, 
•however, are rarely present, is described in Chapter IX. 

The Analysis of Butter and Margarine. 

The composition t)f butter has already been dealt with 
at the beginning of this chapter. As a 
rule, the only essential difference be- 
tween butter and margarine lies in the I 

composition of the fat. The same I 

methods as are employed for the deter- a 
mination of water, fat, proteins and [H 

non-fatty solids# in butter may therefore H 

be applied to margarine. 1 H 

Sampling , — In order to obtain a fair H 

average sample of butter from a lai%e, H 
mass, a sampling iron, such as is shbwi^ I 

in Fig. 23, is generally use(f. Two or ■ 

three cylindrical samples are taken in I 

difjprent directions witH the iron, in- ■ 

troduced into a wide-mouthed glass- H 

stoppered bottle, melted at a tempera- H 

ture not above 40®, and shaken I M 

vigorously until solidified; samples for |H 

analysis may then be taken from the H 

bottle as required. ^ The butter should |H 

not be kept too long before analysis, as lil 

it is liable to alter in composition pn \|l 

the development of rancidity. 

Sampling Iron. 
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Water, FaJ, and Non-Fatty Solids . — In Geruiany the 
minimilm percentage of fat in saleable butter* is fixed 
by law at 80, and the maximum water percentage at 18 
for ufisalted and for salted butter;* In the United 
Kingdom, no definke minimum fat percentage has been 
laid down by th^ law, but, as mentioned above, the 
maximum water percentage is fixed at 16. • * 

The non-fatty solids include casein, or curd, and small 
amounts of lactose, lactic acid and inorganic salts derived 
from the milk or citiam, as well as any added salt or 
boric acid preservative. , 

About 10 grams of the sample are weighed out in a 
beaker, or a crucible of porcelain or nickel, about two 
and a half inches high,* with a small stirring rod, and the 
wateiiis driven off by heating on a sand bath or asbestos 
wire gauze, taking care not to heat sc^ strongly that loss 
takes place by spirting 6r the curd turn| brown ; heating 
is discontinued i^unediately all the water is seen to have 
been driven off. The butter should be kept well stirred 
during the heating, which should not occupy more than 
about ten minutes^ On cooling, the water is determined 
^by the loss in weight. The fat is then melted at the 
lowejt possible temperature, and about 30 c.c. of petro- 
leum ether, volatile below 60®! are added, mixed with 
the fat and poured off tjirough a tared filter paper or 
Gooch crucible ; the residue is washed with successive 
pdttions of petroleum ether till free from fat. The 
filtered fat solution is collected in a weighed flask, and 
the fat is determined after evaporation of the solvent, 
as described on p. 266. The solid residue, consisting 
of curd, etc., is estimated by weighing the beaker 
and the filjer after drying in the water oven. 
Having determined the water and the non-fatty solids. 
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the fat rtiay be estimated by difference instead of, 

'^^Rg !^24 sho'»s a balance fSr the deterrainatioil of 
water in butter w margarine. lo grams of the sample 



are weighed into the aluminium pot, » and the m 

weight after driving off the water.is determined by 
restoring the balance by plating nder weights on th , 
beam as has been explained in connection witj the 
Westphal balance on p? 6o. The empty pot may cqn- 
vementiy be balanced by the addition of a Uttle ^wdered 
pumice, which also serv« to facilitate the dnvmg ofi^of 
the water without bumping. 

SaU and Boric Acid.— These may be extract^ from 
the non-fatty solids by washing '^^ **°* „ 

contents of the beaker being washed though ' 

The aqueous solutiod is cooled ^d made up to a c 
volume, and the salt determined in aji ajiquot ^ » 
by titrating with decinormal ^ver ' nitrate solution, 
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. standardised against pure sodium chloride, usftig potas- 
sium cliromate as indicator. About a half of the total 
solution from lo grams of the original sample will be 
required ; the solution must be neutral qr feebly acid 
for the titration, tioric acid may also be determined in 
the solution by the method described on p. 413? but to 
get an accurate result it is better to operate on a larger 
amount treated as follows 

At least 25 grams of the butter or margarine are 
heated on the watcl' bath for fifteen minutes with an 
equal number of c.c. of a solution containing i gram of 
sulphuric acid and 50 grams of sodium sulphate, pef 
litre, the mixture being shaken occasionally. The 
aqueous layer is reiribved by wash bottle tubes and 
passed through a dry filter. Five c.c. of the filtrate 
may be used for the salt titration, diluting with 20 c.c. 
of water, and 20 c.c. Tor the boric i\cid titration (see 
p. 414). In calo^ulating the results, the water contained 
in the sample must be taken into account. 

Proteins.— TlK:se may be determined in the non-fatty 
solids by the ^Kjeldahl process (see p. 273) ; it is only 

, necessary to digest with Sulphuric acid and copper oxide 
or sjilphate till clear, Tl)e proteins may be removed 
fi;om the beaker or Gooch crucible by solution in a little 
warm 50 per cent, (by, volume) sulphuric acid; 'if a 
filter paper has been used, this may be transferred 
direct to the digestion flask ; in this case the blank 
Kjeldahl test should be carried out with the inclusion 
of a similar filter paper. The peitentage of nitrogen 
multii^e*d by 6*38 gives the proteins. 

The proteins may also be extracted by warming, say, 
20 grams oj^t^ie sample with an equal weight of a mixture 
of equal parts by volume of strong sulphuric add and 
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Walter, aifd shaking till the acid and fat layers separate * 
clearly, taking care to dissolve pp any particles of curd 
which may adhere to the side of the vessel. After 
settling, aboyt 8 c.c. of the acid •layer are carefully 
removed by means of a pipette, Hhe bottom of the 
pipette’ns wiped free from fat by means of filter paper, 
and* 10 grams of the liquid is weighed into a Kjeldahl 
digestion flask, which may conveniently be of loo or 
200 c.c. capacity. Fifteen c.c. of strong sulphuric acid 
and a little copper oxide are addeS, and the digestion 
is carried on till the mixture is clear and colourless or 
blue (See p. 20). The number of c.c. of decinormal 
acid equivalent to the ammonia formed (less the blank 
value) divided by ten, gives the percentage of proteins 
if the original sample contained from 10 to 14 pei*cent. 
of water. The division factor is 9*6 for 14 to 19 per 
cent, of water, fhese factors will give the protein per- 
centage with accuracy within the limit^of experimental 
error. 

For percentages of salt and proteins, ^nd composition 
of non-fatty solids, see p. 254. 

Examination of the Fat . — ^Tfle examination of butter < 
fat has already been dealt vith in Chapter III., p» 164 
et se^., where the probleift of distinguishing margariie 
fats from butter fat, and the detection of the former in 
the latter, has received attention. As a rule, the o^y 
important distinction between butter and margarine lies 
in the composition of the fat. 

Colouring Matter. ^mall amounts of colouring matter 
are added to margarine, and^also to butter, in ordfer that 
it may resemble the grass butter of the summer months, 
all the year round. The vegetable dji^ps fypneric and 
anatto, as well as certain azo-dyes, are employed fdt 
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this purpose ; these are harmless, and addecf in very 
smdl amounts. Varioiw methods by which they may 
be detected and i4entified, if desired, are given in 
Chapter IX. 
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CHAPTER VIl 


STARCH AND ALLIED PRODUCTS— FLOUR, BARLEY 

AND MALT, ETC. 

Introductory 

• 

Starch is one of the most important and character- 
istic products of the vegetable kingdom, not only on 
account of the prominent part which it plays in plant 
physiology, but also on account of its great ecoifomic 
value as a food material for animals and human beings. 
A considerable portion of the nbn-nitrogenous reserve 
food material of plants is, in many cajps, stored in the 
form of starch. The most abundant supplies of this 
substance are to be fou^^d in seeds, tubers, etc., where 
it remains as such until it can be assin^jlated by the 
embryo plant. Starch is one 'of the most important 
constituents of the flours u^d in making broadband 
nmy other common articles of food, of rice, which 
practically forms the staple djet of one-third of the 
human race, of sago, of tapioca, maize and barley, and 
of such vegetables as potatoes, beans and peas. As e 
food starch is used together with the nitrogenous, fatty, 
saline and other matter with which it is associated in 
nature. 

Starch which has been separated from the other con- 
stituents of the grain, usually by wasl^ngljiith water 
and ievigation, is used, as such, for laundry purposes/ 
303 
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as a thickening material in calico printing, an/i for the 
preparation of adhesive paste. 

As regards indirect uses, starch is of importance as a 
sourcfe of alcohol, which results from the action of yeast 
on the sugar produced from the starch through the 
hydrolysing actior( of mineral acids, the enzyme dhastase, 
or et'rtain moulds. ^ In the manufacture of beer, most of 
the starch contained in the malt is partially hydrolysed 
by the action of diastase (an enzyme or mixture of 
enzymes occurring iii barley and other seeds) to dextrin 
and carbohydrates of a similar nature, only part of the 
starch being converted into sugar which can be fer- 
mented to alcohol by the action of yeast. In the manu- 
facture of alcohol and spirits, on the other hand, the 
starch is practically completely converted into alcohol, 
as indicated above. 

The starches from iliaizc, wheat, rice and the potato 
are usually employed for the direct applications ; barley 
is used in the ihanufacture of beer, whisky and other 
spirits, while dextrin and starcl) sugar, for brewing pur- 
poses or conversion into alcohol, are generally prepared 
from starch from the potuto or from damaged or inferior 
rice,^ maize, etc. 

pROPERTIKS AND IDENTIFICATION OF STARCHES. 

Starch exists in plant cells in the form of well-defined 
granules, varying in diameter from 0*002 to 0*185 mm. 
( = 2 to 185 ju). When viewed under a microscope of 
fairly low magnifying power (about^i5o to 300 diameters) 
the g\an\iles often show a very characteristic structure, 
consisting of a hilum, or nucleus, surrounded by a num- 
ber of cypij-entric rings. In order to show up these 
‘ These may also elJect the conversion to alcohol. 



,,.p 4 mcture,%luc^ vary^ with staich^^ 
dif erent sources, a small quantity of the powdered 
March should be mounted in glycerine diluted^ with 
Ajfcwice its volqmeVf water, and viewed, if possible, under 
Oblique'iliumination. With practice* U is often possible 
to determine the sQurce of a starch i’rom the size and 
ghape of the granules and the relation of the concentric 
rings to the hilum. Further, on examination under a 
polarising ijiicroscope with crossed Nicol prisms, many 
starches display characteristic arrangements of dark 
bands, usually giving the appearance of a Maltese cross. 
If a selenite plate be placed between the lower polarising 
Nicol prism and the object, colours will be shown with 
many starches. 

Starch may readily be identified by the characteristic 
blue colour which it gives with iodine. This reaction is 
best carried out |jy adding to a Solution of the starch a 
dilute solution of iodine in potassiuiyiodide solution, 
drop by drop ; or, if the starch is being observed under 
the microscope, a drop%of the iodine solution may be 
placed at the side of the cover slip, so tha^it will gradu- 
ally diffuse into the glycerine ih which the granules are 
mounted, when these will be §een tS take up a darkJ^lue 
colour. 

THfe best method for identifying starches is to obtain 
:a collation of genuine flours, starches or natural pr^ 
49Cts' containing starches, sSid when these have been 
fcanefujOiy examined, the unknown starch or mixture bi 
^Maic^es may be identified by comparison. Hdp maj 
^ obtained by consulting the works on imcrCscopJ 
at the end of tins chapter. The foUowinf 
i of some of the common may bj 





Ovpiii -Potato afid arrowrdit starcto* ;|l^ 

foiato starch, the hilum circular and situated in ^ 
narrow end of the ^anule ; some of the striationf^ <k 
iings centring round the hilum, are well marked* In 
arrowroot starch, or the other hand, tjje hilum is usually 
elongated, sometirfies cleft, and situated in the"'broad 
end of the granule, though these features may not be 
strictly characteristic of all the granules. 

' Polygonal or Faceted Starches, — Rice, mai*e and oat 
starches . Rice starch is easily distinguished by the small- 
hess of the granules. The hilum is central and visible 
tinder a high power. Some larger rounded granules naay 
be found, and sometimes the granules occur in ellipsoidal 
aggregates. Rice starch closely resembles pepper starch, 
jand tne detection of rice flour as an adulterant of peppef 
requires close examina.tion. It will be found that the 
^anules of pepper starch are not so angular in contour 
m those of rice Inarch ; they tend to form aggregates. 
Cocoa starch granules also resemble those of rice starch< 
but are distinctly round in contour ; they also tend t<i 
aggregates. ^ Rice starch will more easily be de- 
fected in cocoa thar^^in pepper. Maize starch granules 
thuch larger and rather more rounded than those 
^ce starch; the hilum is central and distinct, showing ra^ 
|ating clefts in most of the granules. Maize starch is 
ibnly common polygonal s^ch with granules above 
|n diameter. The variations are ususdly from 15 to, 30^ 
starch granules are intermediate in shape and 
^tween those of rice and maize. The hilum is cenjti^ 
l^neraUy circular in appearance, and not so distiii^i ^ 

£ maize starch. Characteristic j^psoidal aggregab^^ 
i^ules bfii found. , 



Tie mltim is distinct/ and ajppro3*i--| 
circular and central. • Ellipsoidal or circular 
ij^egates ace ^ot found, but two or more granules 
nay be united m a rod-like ag^egate, the boundary 
between the granules being indistinct. The granules: 
rary sShiewhat in size from 2 to 15 jjl! mostly 6 to 10 |ju • 
mt Ve generally larger than those of oat starch, which 
tre on an average about 10 fi in diameter. 

Round Starches, — ^Wheat, barley, and rye. In these 
torches the hilum dnd striations are not well marked, 
lUd will only be seen in some of the granules. The ; 
alum usually appears as single or radiating clefts. Small ; 
;ranules will be observed in addition to the large ones. ; 
Che larger granules of wheat starch are usually from 25 j 
it) 30 {i in diameter. Barley starch resembles that of 
nrheat, but the la%er granules ysually measure 15 to .i 
and rarely as much as 30 jx. Hilum and striations 
ure more rare, and some kidney-shaped^granules will be 
observed which are not found in wheat starch. Rye 
ieuch also resembles wheat starch, but the larger granules 
neasure from 40 to 50 jx, and i(ie shape is less regular, | 
ome kidney-shaped or elongated granules being found. 
l^Bean-shaped JBeati, pea and lentil stardhes. ^ 

ikm^a;rch granules are ellipsoidal or kidnej^-shaped and ; 
|frly regular ; they are very large and in most cases | 
| 3 ^ very distinct clefts which may be about 60 |x long. J 
^ Striations are fairly well marked. Pea starch granulies | 
irregular in shape, being ellipsoidal, kidney*| 
or globular,* with protuberances ; the j ar^l 
,than bean stajch granules, being seldom bv^| 
ditoieter, and fewer of the granules show distil 
c<nic^tric rings are well ijartei. Le 

are rathei snrtaHer than those of 
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^starch. « Clefts and st nations may be well marked, and 
some granules with irregnJar protuberances will be found. 

Mig*oscopic examipation will be found a useful means 
of determining the origin of starches or flpurs, as well 
* as detecting aduH&ation with foreign starches. The 
detection of rice starch in pepper or cocoa has aiready 
been alluded to, and the detection of rice, potato or, 
leguminous flours in wheat flour will be found a fairly 
easy problem with some practice. This matter is dealt 
with further below (see p. 340). 

The microscopic examination of vegetable structures 
is an important feature in the examination of foods and 
drugs, the recognition of the starches which arc char- 
acteristic of many products being only a particular 
case. 

Chemically considered, starch is not a definite sub- 
stance, but consists of a mixture of two carbohydrates, 
granulose and starch cellulose, or rather, a series of sub- 
stances which may be looked on as gradations between 
the two. 

.Starch celklose is a body intermediate as regards 
complexity of structure,' stability and other properties, 
between granulose and ordinary cellulose ; from the 
Ihtter it differs in being convertible into soluble starch 
by boiling in water or digesting in caustic alkali solution. 
It is insoluble in cold water and saliva, and gives a yellow 
colour with iodine. Granulose, on the other hand, is 
soluble in saliva, and gives the characteristic blue colour 
with iodine. Ordinary starch is insoluble in cold water ; 
on heating with water, however, the granules begin to 
swell as the temperature approaciies 60®, and on further 
^heating become disintegrated and mix with th^ 
.water, giving a solution which gelatinises strongly oh 
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cooling7and from which starch may be precipitated oif 
the addition of alcohol. Thai starch thus obtained is 
soluble in cold^vater, and is usuajly known unc^cr the 
name of soluble starch. The soluble variety is alsd 
prodijfed when starch is heated in closed vessels to ioo“.‘ 
Considered as a •member of the c?irbohydrate group, 
•stanch ranks after cellulose in point of complexity, 
stability towards hydrolysing agents, and solubility ; 
when acted on by ordinary diastase, it is converted, 
first into dextrin, br ratlier a series of bodies known 
collectively as the dextrins, and ultimately into dextrin 
and the reducing disaccharide maltose. Taka diastase 
converts it into a mixture of m^Jtosc and dextrose, the 
proportion of the lattcT increasing with the time of 
action (see p. 312). Boiling dilute mineral acids convert 
starch into dextrifts. maltose, anjd finally into d glucose, 
or, as it is comiwonly called, dextrose. The mechanism 
of these hydrolyses and the naturt^of the products 
formed will be further discussed when the methods for 
estimating starch are explained. 


Methods for Estimating^ Starch in Commercial 
Starches, Flours? .Potatoes, Barley, Mav', 

^TC. 

(l) Hydrochloric Acid Method , — ^This method, wli^ih 
is prescribed by the American Association of Official 
^griculturaf Chemists (A.O.A.C.), depends on the fact 
that starch is converted into dextrose on boiling with 
dHute hydrochloric acid. The dextrose formed may be 
’estimated by means of Fehling’s solution, the polari-', 
J;meter, or by the specific gravity of ils ^ikition, and 
a measure of the starch present in the sample^ 
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11 snou^a DC noiea xnai a cenain ciass oi gumray Doai^ 
kno,wn as the pentosaii^, which are often present m'; 
notable proportions in flours, give rise to reducing sugars/ 
the pentoses (sugars containing five carbon atoms 
in the molecule), oj*i boiling with acids. The method is' 
therefore only applicable to commercial starcheJfphich 
have been freed from extraneous gummy matter, sUchr 
as, for example, the starches used for stiffening textiles. 
Even then the method is not accurate, as the results are 
some 3 to 5 per cent, too low owing to the destruction 
of some of the dextrose by the hydrochloric acid. 

Three grams of the sample are mixed with about 
50 c.c. of cold water, stirring at intervals for about an 
hour. The insoluble residue is then collected on a filtelf 
and Washed with water until the filtrate measures 250 c.c. 
The residue, which has now been freed from soluble 
carbohydrates, is heated on a water bath for two and 
a half hours wi^Ji a mixture of 200 c.c. of water and* 
20 c.c. of hydrochloric acid of specific gravity I’I25 
(f.e., 2‘5 per peht. HCl), in a flask fitted with a reflux 
condenser, Hhe fiiixture is then cooled, neutralised with 
f sodium carbonate, madfe up to 250 c.c., and filtered, 
through a dry filter. Thee dextrose is determined in an^ 
adiquot portion of the filtrate by means of Fehling% 
solution, as described in Chapter VIIL, p. 373. ThC; 
weight of dextrose found, multiplied by 0-9, gives the 
weight of the starch. 

(2) Polarimetric Methods. — Lintner’s "^polarimetri^ 

method js jused in several modifica!tions. The starch 
rrendered soluble by treatment with mineral add an^ 
J estimated polarimetrically after proteins, etc., have 
Tremoved tfce solution. The method has the advaa|| 
of rapidity, and is certainly not inferior, 
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one as regards accuracy. It is applicable tc 
starch containing substance^s, such as cocoa, potatoes, 
floors, etc., but suffers from the same disadvantage as 
the igeceding fhethod, i.e., any pentosans preseht wil 
yiela optically active substances *vhich will count as 
stajEjrit. (See also pnder the Taka di^istase method.) It 
is best to work with fat free material. The modification 
described here is that of Thorne and Jeffers,' whicli 
was employed by Baker in the analysis of infants' 
foods.* 

Five grams of th^ finely ground material are triturated 
in a mortar with lo to 15 c.c. of water, followed by 
to 20 c.c. of hydrochloric acid of specific gravity i*i< 
added in quantities of 5 c.c. at JPtirae. The starch firsi 
forms a viscous mass which soon after becomas thin, 
After standing fqr half an hour, the mixture is trans- 
ferred to a 20o^c.c. flask contdning 10 c.c. of a 4 pel 
cent, solution of phosphotungstic acu^nd 20 c.c. of the 
hydrochloric acid previously used. Tne mortar is washed 
out with hydrochloric ^acid of specifio* gravity i-i, and 
^the contents of the flask made up to 4 ;he mark with acid ^ 
of this strength. The mixture is shaken and allowed tq 
stand for at least half an Jiour. The function pf the 
phosphotungstic acid is •to precipitate proteins, tannijis, , 
etc.t and to, produce a liquid which will filter clear. Thej 
polarimetric reading of the filtrate is taken in a 200 mm, 
tube in a Schmidt and Haensch polarimeter using wKite ^ 
light. Assuming the specific rotatory power of the- 
^ Analyst, 1909, 34,^32. 

-j J^Eeports to the Local Government Board on Public Healtt 
liad' Subjects. "On the Use of Proprictarj’ Foods im 

TOUUt Feeding,” by Dr. F. J. H. Coutts- 2. "On the Analysis 
1ia0 Cpmposition of some Proprietary Foods Jor i^|pnt$,” by 
L Baker. • 
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soluble ftarch to be + 200®, the percentage of slarch (P) 
is c^culated from the reading (R) by the formula : — 

. p Px 4 o. 

C 

This method was fcFund by Baker to give results a^xirate 
to within -±0*5 per cent, with mixtures of starch^ and 
casein. In order to allow for the optical activity ofthe^ 
sugars present, the following corrections were made on 
the polarimetric readings before applying the above 
formula : — 

Cane sugar per cent, x 0*028 ad 3 ed to reading 
Dextrose ,, „ 0*07 deducted from reading 

Lactose ,, 0*07 „ „ 

The, sugars are determined by methods given in the 
next chapter. ^ 

Another method by which the optical activity of 
sugars (and dextrips) is compensated {or in the polari- 
metric determination of starch is that proposed by 
Baumann and Grossfcld.^ The starch, but not the other 
carbohydrates' is precipitated by lead tannate, the latter^^ 
being formed ifi the starch solution by adding to it basic 
lead acetate and tannin solutions ; this permits of the 
necessary control experiment being made. The method 
is based on Ewers' well-known method for the pc^ari- 
metric estimation of starch,* which is similar to the one 
de&ribed above. 

(3) The Taka Diastase Method, — ^This method, due to 
Davis and Daish,* is based on the fact that the enzyme 

^Zeitsclir. fiir Untersuch. Nahr. u, Genussmittel, 19171 33 » ■ 
97, abs. J.C.S. 1917, 112, 223, • « 

. *2eit, effentl. Chem. 1908, 14, 8, and 1915, 21, 232, abB> ( 
i9oft^and 7.S.C.J., 1916, 35, 432. 

^ X Agrie, Science, 1914, 6. 152. 
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taka diastase converts starch into a mixture of ^extrose 
and maltose, which may be estimated polarimctriqally 
and by cupric reduction. It is f^ee from the defects 
mentioned in connection with tlie methods already 
described. For example, Revis anf^ Burnett ^ demon- 
strated for the firsi time by its means that cocoa shell 
coritedns no starch, a fact wliicli is obvious from micro- 
scopic examination, whereas judging by the results of 
the hydrochloric acid and polarimetric method, con- 
siderable amounts bf starch would be indicated owing 
to the fact that cc^oa shell contains substances other 
than starch wliich yield reducing and optically active 
carbohydrates on hydrolysis (st^ p. 310). The same 
point is illustrated in a paper by Baker and Hulton on 
% '"Analytical Examination of Acorns and Horse Chest- 
nuts.” ^ The taka diastase method is also superior to 
O’Sullivan’s meUiod in which ordinary diastase from 
malt is used to convert the starch*^iinto dextrin and 
maltose, for it has been shown by Davis and Daish that 
dextrin is lost by absorption when the ^rofeins, tannins, 
etc., are precipitated by lead acetafe pfior to polari- 
metric examination. For these reasons the method will 
probably become the stapdaid one for the estimati<>n of 
^tar(jji in plant material. 

Preliminary Treatment of Mcderial . — If fat is present, 
it must first be removed ; the dried residue from the jat 
estimation (see pp. 328 and 87) may be made the starting 
point, or the original material, e.g., flour (10 grams), may 
be soaked in absolute alcohol, digested for a fgw hours 
/With about 30 c.c. of ether, filtered, and the residue 
'washed with ether. 


^Analyst, 1915, 40, 420. 
* Analyst, 1917, 42, 351. 



3i4^sfuausm^ u^gaDncmnai^sjs 


Material containing much water, such ^ pMa^k 
(see ta*ble, p. 318) or leaf material, should be dried 
Da\ds and Daish dry leaf material to constant weight at 
100® 'or no® in vacuo over phosphorus pent oxide for 
twenty-four hours or more. 

The next step is to remove sugars and other Soluble 
carbohydrates, which is accomplished by extraction-'fritlj 
alcohol and water. The fat free flour from the alcohc^ 
and ether treatment just described is digested with 
about 100 c.c. of alcohol of specific gravity 0*90 at 35® 
to 38® for a few hours, shaking occasionally. The alco- 
holic solution is passed through the same filter as was used 
for the alcohol-ether operation, and the residue washed 
with alcohol of specific gravity 0*90. Extraction with 
water is necessary to remove gummy material (pentos^; 
see p. 310) and amylans. The latten arc carbohydraSIs 
having the same empirical formula as starch, but are 
soluble in cold water, and give no coloration with iodine. 
Wheat, for example, contains about 2 per cent, of ^ 
amylan. The residue from the Jast operation is digested 
with 500 c.c. of water at the ordinary temperature, and 
• then decanted through the filter used previously ; the 
residue is transferred to l;he filter by means 6f water, 
and repeatedly washed with water at 35® to 38®. If 
much gummy matter i? present, prolonged extraction 
and washing with water is necessary. 

Revis and Burnett treat cocoa as follows : Five grams 
of the fat free dry cocoa are weighed into a beaker and 


' thoroughly stirred with 50 c.c. of ro per cent, (by vol.) 
alcohol, \and filtered by suction on a large Buchhei 
.^funnel. The cocoa is washed with two further portio^ 
Sf 50 c.c, oftfio per cent, alcohol, and finally within 


, per cent, klcohol (by vol.). Care should 





aoes not suck dry at any stage, as it will 
then be more difficult to wash and remove from the 
filter. Stress is laid on the importance of the alcohol 
washing for, th? success of the process. Baker and 
Hulton {loc, cit) extracted their material with ether and 
water^- , \ 

\ ^latinisation and Conversion of the Starch . — For this 
^^peration, the moist material from the alcohol or water 
treatment is taken. Davis and Daish give the following 
directions : The starch is gelatinised and rendered soluble 
by heating with 20(^ c.c. of water in a boiling water bath 
fbr half an hour, shaking occasionally. The mixture is 
then cooled to 38®, and 0*01 gram of taka diastase^ are 
added together with 2 c.c. of tolhenc. The function of 
the latter is to prevent bacterial action which •would 
interfere with th^ results of the process. The diastase 
is allowed to agt for twenty-fdur hours at 38°, after 
which the solution is boiled to stop^i>rther action, the 
diastase being thus destroyed.* Th? clear solution is 
decanted through a fil^r into a 500 c^. flask, and the 
residue is washed several times with watej-, the washings 
being passed through the filteJr until the volume of fh(^ 
filtrate^s about 475 c.c. I^vc to 25 c.c. of basiij^lead 
acetate are added as may be required ; a large excess 
beyond that required to precipitate all the tannins, pro- 
teins, etc., should be avoided. After making up to 
! 5 oo C.C., the mixture is filtered, and 100 c.c. of fhe 
filtrate are placed in a no c.c. flask (see p. 135), treated 
with just sufficient* sodium carbonate solution to pre-^ 
|<apitate all the lead, and made up to no c.c. •*Ftfty c.c., 
iif the filtrate from fhe lead carbonate are used for thd. 

, ^ Obtainable from Messrs. Parke, D 4 vis^ 4 Co. 

• Cf. The Destruction pf Milk Peroxidase,"' p. 287. 
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(ietennination of cupric reduction with FehUng'S solutions : 
(seq p. 373), while the opifical activity of another portion 
is read in a 400 mm. tube. For the determination of 
maltose and dextroSe by these means, see the following 
chapter, pp. 373 t^f 379. The amounts of starch corre- 
sponding to the dextrose and maltose are found and 
added together : the weight of dextrose is multiplied hyk 
0‘9, and that of maltose is divided by 1-055. ^ 

Burnett and Revis follow the above process in all 
essentials. The moist extracted cocoa (from 5 grams) 
is transferred to a 250 ex. flask with boiling water and 
gelatinised with 125 c.c. of water, while 0-05 gram of 
diastase rubbed up with a little water, and 2 c.c. of 
toluene are used in the conversion. The action is 
stopped by the addition of 10 c.c. of decinormal caustic 
soda solution ; the mixture is then coded to 15°, 100 cx. 
of water and 10 c.c. of Wiley’s mercuric nitrate solution 
(see p. 391) are 5^dded, and finally water is added up to 
the mark, below the toluene. The contents of the flask 
are mixed and filtered. To 100 e.c. of the filtrate, which 
should be colqurlc'fes and bright, half a gram of crystal- 
lised disodium hydrogen*^ phosphate is added |md dis- 
solved. Ten c.c. of caustiosoda solution are then added 
while the mixture is being agitated ; the strength of this ' 
solution should be adjusted so that 10 c.c. of it just { 
neutralise 4 c.c. of the acid mercuric nitrate solution ; 
caustic soda should not be left in excess, and it is prefer- 
able that the solution should be left slightly acid after , 
adding the alkali. The contents ofthe flask are mixed J 
and filtered, and 50 c.c. of the filtrate are used for the£; 
determination of the cupric reducing power, the opticaljJ 
activity beic^ dc(termined on another portion (see p. 
l^vis and Burnett state that -taka diastase 
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in the cfiLrk, and recommend that a blank experiment 
should be made with it in order j:hat any cupric reducing 
power or optical activity which it may be possessed of 
may be allo.weJ for. They suggost an allowailhe of 
3 cx. for the volume of the precipitate. 

Balccr and Hultpn {loc, cit) fouud it necessary to 
/epeat the gelatinisation and treatment with taka 
diastase before all the starch in the material examined 
them was converted. 


Flour. 

Introductory. 

The most important of the l^t arch-containing food 
materials are derived from the grain of the cereal^ such 
as wheat, rye, m^ze, barley, etc., after removal of the 
chatf (paleai and glumes) by threshing. The coarsely 
ground grain is known as meal, the fiyly ground grain 
as flour. Special attention is paid t6 the examination 
of wheaten flour, as tljjs is the most knportant of the 
flours consumed in this country, as.welf as being the 
dearest, and therefore the mo»t likely toT^e adulterated 
with other flours. ^ ^ 

The following table edrytains results published by tjie 
Unifed States Department of Agriculture, showing the 
' average composition (percentage) of the more important 
cereals ; a typical analysis of potato is appended. 

The products obtained from the grain of wheat on 
milling may be divided into the flour proper, by which 
is understood the contents of the parenchym^ous celb 
bf the endosperm, and the oltal, which includes the bran, 
m husk, the germ, i.e,, the embryo pl^nt^and fluffy or 
fibrous matter derived from the cell walls of tlie parenchj^ 
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latous endosperm ; sharps," or ’’ middlings/' eonrof 
f finely divided bran with particles of germ. The coroT 
aer<4i0Ll valuation of flours varies according to the amount 


PcBcriptioo 


‘ Carbo* Weight 

' Nltrn- ^ hydrates -g ^ joq 

H its 


Fibre, 


Typical unhulled 
barley 

Typical American 
maize 
Typical rye 
Typical unhullcd 
oats 

Typical rice, 

unhullecl 
Typica^i rice, 

polished . 
Typical wheat . 
Potato 


10-85 ii-o 3-85 fi-5 69-55 2-25 — ' 

10-75 lo-o 1-75 t'-5 71-75 4-*5 

10*5 12-25 2-1 1-9 71*75 i ‘5 ®'5 

lo-o 12-0 12-0 3-4 58-0 4*5 3*0 

10-5 7‘5 9*0 4’0 67-4 1*6 3‘0 


0-4 


0-4 2-2 


3-85 ,T2-25 2-4 1-75 71-25 1*75 3-85 

-4.7 2-0 1-4 1*0 , 20-7 0-2 — 


of ofial which they contain, the highest grade being the 
50 -caUed pateflt flour which< owing to its freedom 
from offal, is the whitest in colour and most homogeneous 
product ; it is appreciated by bakers on account of the ’ 
amoi^t of water which it wMl absorb and the appearance ■ 
Ofthe loaf which it produces, tnough as regards nutritives 
value it is not necessarily superior to the lower grades* j 


Y»^olemeal,^' or Graham," flour is the product of j 
^nding of the entire wheat grain, including the husl^ 
find germ ; it should have the same composition as thi| 
^beat grmn itself ; containing the whole of the offal, 
consTdeiably darker in colour than patent flour, 
being subjected to any sifting process, it conta^i 
l^anny paitv lest which are distinctly visible* Thj^^ s^ 
entire wheat flour," or^^e 





removing a portion of the bran and finely 
^l^rinding the rest of the grain ; ^he texture is somewhat 
coarser than that of ordinary or patent flour, the colour 
and general app^ance varying sonlfewhat, according to 
the amount of offal removed and the f^jiture of the wheat 
irom which it is milled. “ Entire " ^our usually con- 
portion of the germ. ** Standard/' or 8o per cent, 
flour, may be classed as an entire " flour, representing 
lll^r cent, of the wheat grain, and containing the whole 
nf the germ. The ‘Manufacture of Flour and Bread 
Order (No. 2) of 1^17 made it compulsory to extract 
from the wheat not less than 81 per cent, of flour on all 
millers in the United Kingdom. In April, 1918, it was 
laid down that in the manufacture of Canadian Govern- 
ment Standard Flour ” 196 lbs. of flour must be milled 
from 258 lbs. of spring wheat instead of from 270 lbs. 
as previously. T^cse measures were due to the scarcity 
of whea)t cjuring the latter period of the war. Regarding 
the adtiy' on of flour other than wheat^ flour, see p. 340. 

H, E. Cox, in a paper ^ the Compositfbn^of Sharps ” 
and Bran) and the effect thereon of th^Fogd Controller's 
Orders,^ gives the following example of the results of < 
grinding into various grades«of flour, sharps (or n»dd- 
flngs^, and bran in pre-wat days : Flour, Wst, 42 per 
Opnt. ; s^cd^ds, 18 per cent. ; biscuit, 8 per cent. ; 
Slangs, 2 per cent. Sharps — ^middlings, 10 per cent^; 
'tiimse sharps, 8 per cent. Bran — ^fine, 4 per cent,; 

8 per cent. 

Households grade '' is the commercially lower grade 
which is produced ^sides the patent*gi^ide to. 
'modem process 8f roller milling ; it is darkish to 
and contains a small amount ;of branny'^ 

* Analyst, 1918 , 43 , ^ 3 . 
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(articlfs ; OTm the baker’s point of view, it il in^bt 
o patefit flour in bread making. “ Baker’s grade " and 
‘ clear grade ” are terms applied to similar grades in 
\merfca. " Straight <un,” or "straight g.ade," may be re- 
garded as a mixture of the patent and household grades. 

Special flours m^y be prepared from any of the above 
grades, usually with a view to improving the nutUtive^ 
value. They may contain finely powdered bran, lentil 
flour or banana meal. Germ flours contain added getm 
(usually cooked). 

Much of the above is an abridged version of Dr. 
HamilTs classification of the various flours on the market, 
included in his report to the Local Government Board on 
the nutritive value of bread made, from different varieties 
of wheat flour. ^ As is pointed out by Dr. Hamill, it is 
very difficult to set up analytical standards for defining 
any particular grade of flour, owing to the difleience in 
composition of wheats from different sources. Com- 
parisons of the composition of different grades ;f flour 
can only be ofi value when these are milled from the 
same wheat. « 

'The following table, compiled by the United States 
*Dep<irtment of Agriculture^ shows the variations in the 
cpmp’osition of wheats from different sources 


IVr cenV. 

Water tO 14 

Proteins 8 17 

Dry gluten 2 „ 14 

Carbohydrates 65 » 7 ^ 

Ethiijr extract (chiefly fat) . . 0-28 ., 2-5 

Ash ' • ^‘4 ■> ^'3 


• Reporta^tft the I.ocal Government Board on Public Herifl 
bad Medical Subjects, New Series, 55, Food Report, No. fij 
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A niitnber of analyses of various flours and other 
milling products obtained fron^ different wheat mixtures 
are given in the above report. From these and from 
the figures gjvelt in the next tablet it will be seen that 
the presence of bran in the flour tefljls to raise the con- . 
tent of mineral matter and crude fil^re. The presence 
of germ tends to raise the content of fat and protein, but 
usually these increases are comparatively insignificant. 
,^j|Germ flours may, however, contain as much as 4 to 5 
per cent, of additional protein due*to added genii. 

The following talje from Wynter Blyth’s “ Foods, their 
Composf^ion and Analysis,'’ shows the composition of 
variou^ flours of different grades, the original wheat 
from which these are milled, (ind of the bran. The 
superiority of grade and freedom from bran decrease 
from Nos. 0 to 9 :r- 


Description of Flour 
of Varying Grades 
as obtained from 
Steel RoUer Mills and 
Bran. 

* 

Per Cent. 
Yield on 
Original 
Wheat. 

Water. 

Insol- 

uble 

Nitro- 

genous 

Matter. 

• 

Soluble t 
Nitro- 
genous 
Matter.* 

« 

» 

Fat. 

Carbo- 

hydrates 

other 

than 

Crude 

Fibre. 

Crude 

Fibre. 

Ash. 

Original wheat 


13’37 

f 

10-69 

a '93 

1-98 

80-41 

x-90 

*2-0? 

Flour No, 0 . . ! 

6-0 

12-56 

8-s8 

306 

0-83 

87*20 

jjKice. 

0*45 

» M 2 • 

6*0 

12-48 , 

8-17 

2-95 

0-97 ! 

86-69 

^ „ 

0-53 

M „ 6 . . 

4*0 

X 2-39 

« 9'38 

3-00 

1*17 1 

85*87 

0-02 • 

©•« 

» i . . 

5 to 6 

n-72 

io-o6 

2-72 

1*30 1 

75*90 

o-o6 

o-8i 

T. ^ 


to 

to 

to 

to 1 

to 

to 

to 



X2-4Z 

14*34 ^ 

3*22 

3*31 1 

84*53 

1*03 

2*M 

» »f 9 • 

30 

10-64 

15*02 

2*55 

4-02 1 

74*20 


2‘« 

Fine bran 

i6*o ! 

ii ’35 

13*50 

3-06 

4*54 

63*64 

8 * 72 ^ 

6-sa 

Coarse bran . 

3-0 

12-37 

13*44 

3*17 

3*46 

62-13 

9*79 

S'Oi 


'Solublft nitrogen, estimated by Weinwurm, according to the method described below. 


The crude fibre is the cellulose vegetable tissue which 
is insoluble in dilute* boiling acid and alkali ; it cannot 
be looked on as a definite constituent, the ipjount found^ 
va^ng somewhat according to the method of estimatioiif 
. ax 
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Many^of the published figures do not include ^he per* 
centjages of starch and p^tosans. From what has been 
said in dealing with the estimation of starch, it will be 
gathered that results obtained by the older, methods are 
not very accurate The pentosans which may be re- 
garded as standing in a somewhat similar relatiohship 
to the pentoses as the starches and celluloses to-the^ 
hexoses, are mainly present in the sharps or bran portion 
of the grain, and the estimation of these bodies furnisl^, 
an indication of the degree of bolting, i.e. sieving, of 
the flour (see p. 334). 

On examination of the ash, or mineral matter, the 
principal bases which will be found are potash, lime and 
magnesia, and the principal acid, phosphoric acid. The 
nitrogenous constituents of wheat flour may be divided 
into the gluten and the soluble nitrogen compounds ; 
they are of importance, not only on account of their 
nutritive value, bift also on account of the texture which 
they impart to tfee bread. Gluten consists mainly of 
two proteins, gh^din and glutemn. The former is a soft, 
sticky substance Which can be pulled out into threads ; 
it may be separated fronf the other constituents of flour 
by ec’itraction with 70 per cent, alcohol, in which it is 
soluble, and by precipitation* from this solution by the 
addition of an aqueour- solution of sodium chloride*. 
TJiough soluble in pure water, gliadin is not dissolved 
when flour is treated with water, owing to the presence 
of mineral salts. Glutenin is distinguished by its solu- 
bility in very dilute alkali solution ; it is of a firmet 
xonsisfency than gliadin ; the latter imparts tenacity 
the gluten, and on this account 'bakers usually prefer 

flour cofltrining a high percentage of gliadin. 
'proteins other '‘than gluten include a globuHn^ aii 
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albumin and a proteose ; these are probably of 
greater nutritive value than «the gluten. 

The Examination and Analysis of Flour. 

As has been previously pointed out, the commercial 
vaide of wheat flour depends on its colour, texture, and 
the amount and nature of the gluten present. The 
ffighest grade flours should be practically white, showing 
only the faintest tinge of yellow ; they should possess 
a sweet smell and* be free from branny particles and 
acidity. By the tests and analytical methods now to be 
described, the quality of a flouy may be gauged to a 
certain extent ; a great deal, however, depends on the 
appearance of the flour and the loaf which it will make. 
The detection of ^dded foreign matter and foreign flours 
will also be dealt with. 

Gluien Test . — In this test, the gluieij is separated from 
the other constituents of the flour by ir^chanical means, 
examined and estimated. About 30 ^rarns of flour are 
made into a stiff dough with about 12 to c.c. of water, 
and allowed to stand for an hour. The mass is then 
carefully kneaded in a streSm of running water ,^over 
musUn, until all the starch has been removed. The fresh 
gluten thus obtained should ofily have a faint yellow 
tiijsge and should be of such a consistency that it cfln 
be pulled out into threads ; the gluten from English 
wheat is usually ve^ soft and sticky, having less elas- 
tidty than gluten from other wheats. A and 
viscous gluten with ^ soapy* feel indicates the presence 
rye flour ; most of the other common flours also give 
or less coloured glutens, thus, thajl fAftfi barley 
and dirty reddish brown ; from oats, dark, 
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yellow; .from maize, yellowish and non-elastic*^; from 
leguminous flours, such as those of the bean or pea, ' 
greyish red to green. The presence of rice or maize 
flours may give a granular feel to the gluten (see foot- 
mote, p. 342). A grey or reddish gluten may alsp be 
obtained from infertor wheat flour. After washiilg, the 
gluten is left under water for an hour, after which'The 
excess of water is removed as completely as possible by 
pressing with the hai^ds, and the moist gluten weighed. 
It is then dried at 100° till constant in weight, which 
may take 24 hours or more. A 'good wheat flour 
will contain from 20 to 40 per cent, of moist gluten 
and about 10 to 18 p^r cent, of gluten dried at 100®. 
When heated to 150®, good gluten swells and assumes 
the appearance of bread. 

The above test, althpugh useful to valuating flour, 
cannot, of course, be looked on as an accurate analytical 
process ; the glfl^en obtained will contain small per- 
centages of nomgluten proteins, mineral matter, fat, 
starch, fibre, «tc. 

Total Proteins . — ^The total nitrogen is determined in 
about 2 to 3 grams of the original flour by the Kjeldahl 
mctlJbd, as described in Chapter I., p. 20. The nitrogen 
present as nitrates, which exist in small quantity in 
wheat, will not be convcr’Vcd into ammonia and estimated 
unless the special method is used (see p. 27) . The average 
nitrogen content of wheat proteins being 17-6 per cent., 
the nitrogen found should be multiplied by 5*68, in order 
to givq the total proteins. For many other cereal pro- 
teins, the factor 6-25 gives a more accurate result. , 
Reference to the last table will show that there is a ^ 
tendency fttt^thp protein content to increase in passing , 
from the l^igh-grade flours, 'through the lower-grade^ 
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flours, ^to bran. In this connection, however, it must 
be remembered that the protein content of wheat from 
different sources varies within fairly wide limits (see the 
previous tj^blesl). As was pointed out above, thb inclu- 
sion of the germ in the flour will nit materially raise the 
protein content, plough if much e^tra germ be added] 
as^n the case of the so-called germ flours, the protein 
content may be raised by as much as 4 to 5 per cent, 
above the normal. 

According to the United States standard of purity, 
wheat flour must contain not less than 1-25 per cent, of 
nitrogen. 

Gliadin . — This may be estimated by extracting the 
flour for 2 hours with 70 pef cent, alcohol, filtering,, 
and determining the nitrogen in an aliquot pcH'tion of 
the filtrate. For conversion of the nitrogen to gliadin 
the factor 5-68^should be used.* 

In a good flour the gliadin shonlj constitute about 
60 per cent, or more of the total gliAen. 

Soluble Nitrogefiou^ Matter. — ^I'hia^is estimated by 
Weinwurm as follows : 10 grams of the material are. 
treated with 200 c.c. of hot^water and 0*5 c.c of atet^c 
acid, and the whole is i^rmed on a water bjJth for 
2c minutes. The solution is cooled, made up to 500 g.c., 
anS filtered ; the soluble i^trogen is then estimated 
in 50 c.c. of the filtrate, which should be evaporated 
nearly to dryness before adding the sulphuric acid 
for the Kjeldahl estimation. Our knowledge regarding 
the relative digestnbility of the various proteins of the 
cereals is somewhat limited, though it may^jia-haps be ’ 
presumed that the* soluble nitrogenous matter as esti- 
mated by the above method has greater ^^ijtritive value;' 
than the proteins of the gluten. Several other metheda ; 
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have been de^sed for estimating the ** digestible nitro- 
genous matter.'" 

Waiter , — One to 3 graiife of the flour are weighed out 
between watch glassfjs, and dried in a. steam oven till 
no further loss in we^ight takes place. 

Shutt and Molon^ ^ find that on dr^ng in an air oven 
at 100°, constant weight is not reached in less thai^48 
hours, and that higher percentages owing to com- ^ 
pleter drying are obtained on heating for 5 hours at 
100® in a vacuum oven in which a, steady vacuum of 
29*5 inches is maintained. In these experiments about 
2 grams of the flour were weighed in small aluminium 
dishes with tightly fitting lids. 

In the United States and Canadar, the maximum limit 
for waf:er in flour is fixed at 13 per cent. An unduly 
large proportion of water impairs the ^keeping qualities 
of the flour, besides, of course, lessening its nutritive 
value. , 

Ash . — ^About 5 -grams of the flour^re burnt in a 
crucible, in a muffle furnace, and the residual ash weighed. 
An alternative method which is sometimes used is to 
mix the flour \Ath powderf d ammonium nitrate, heating 
the mixture carefully and withdrawing the flame directly 
fusion commences. In this way, the flour may be burnt 
up quickly, without the use of the muffle furnace.' A 
corresponding quantity of ammonium nitrate should be 
hedted separately, and the residue which it leaves, if 
any, determined and deducted from the ash found in 
the actual estimation. 

The 9n«punt of ash or mineral matter present in the 
patent and other higher grades of flour is usually under 
0*5 per cent. ; households and standard," or 80 per ; 

i«ii^ » 

, Trans. Roy. Sot. Canada, 1917, abs. Analyst, 1918, 293. 
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cent. fl#Tir, generally contain between 0*5 and 0*9 per 
cent, of mineral matter, while wholemeal ma/ contain 
between 1*5 and 2 per cent., or even more. From a 
study of th^ table on p. 32*1, it will be obvious tlfat the 
greater the proportion of bran or qffal left in the flour, 
the more mineral njatter will the latt^ cont ain . Accord- 
ingjo the United States standard of purity, wheat flour 
should not yield more than i-o per cent, of ash. If the 
amount of ash found seems abnormally high in relation 
to the quality of the flour, it is •possible that mineral 
matter has been jdded with a view to improving its 
appearance. Acid potassium, magnesium or calcium 
phosphates may sometimes be added as " improvers 
in the proportion of%bout 0*5 ptr cent, of the flour. If 
such additions are suspected, the ash should t>e pre- 
served for furthey examination. Alum and copper sul- 
phate may also be used as improvers, but the quantities 
added will be too small to be deteerfe^ by any increase^, 
in the proportiiSl of the ash. Self-raising flours usually 
contain added sodium bicarbonate »nd acid calcium 
phosphate, these constituents sometimes *being added in 
the proportion of about 3 p«r cent. of1;he flour. Thj 
detection of added miner^ matter will be dealt, with 
later. 

Starch , — For this estimatioi^the taka diastase method 
is to be recommended (see p. 312). 

If determined by this method, the percentage of 
starch will probably afford a useful indication as to the 
degree of bolting ofi the flour, as sharps and bran contain 
I ixmsiderably less starch than the flour prqjJei. Cox ^ 
estimates the percentage of starch in pre-war sharps^*^^ 

; at about 25, and in the endosperm of wheat .at about 70, 

^ See Footnote, p. 319, 
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is the result of the Food Controller's orders/he esti- 
nates that the percentage fell to a minimum of i8 in 
harps. It should, however, be noted that these figures 
vere based on results obtained by Ewer’s polarimetric 
nethod, which would certainly be too high. 

Acidity . — Twenty grams of the flour are shaken with 
200 c.c. of water at intervals, for 2 hours, the mixture 
s filtered, and 50 c.c. of the filtrate titrated with deci- 
lormal sodium hydroxide solution, using phenol phtha- 
iein as indicator. 

According to Wynter Blyth, normal wheat should 
show an acidity corresponding to not more than 0*16 
to 0*25 per cent, of lactic acid. The test is useful for 
detecting the presence 6f unsound wheat in floui . 

Fat (Ether Extract ). — ^This is determined by extracting 
about 3 grams of well-dried flour with .ether (see p. 115). 
The extracted material should be pr,eserved for the 
estimation of cru.de fibre. When the extraction is com- 
plete, the ethereal solution is evaporateflf'in a tared flask, 
the residue drieck-at 105®, and weighed. 

Although, generally speaking, it may be said that the 
greater the proportion of bran in the flour the higher 
the fat percentage (see the table on p. 321), this can 
hgrdly be taken as an index of the quality of the flour, 
chiefly owing to the variations in the fat content of 
flours from different sources. 

X^rude Fibre . — The following method is generally used 
in England : About 3 grams of the ground sample (the 
: residue from the fat extraction mci.y conveniently be 
used) are Toiled for half an hour with 125 c.c. of a 2 per 
/cent, solution of sulphuric acid, loss of water due to 
evaporation^ being continually made up. The mixture 
;; i9 diluted with a few hundred c.c. of water and allow^ 
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to staiK? for some time, after which the bulk of tht 
liquid is filtered off, any mattej transferred to the filtei 
being washed back to the original vessel. The residue 
is then boiled wifh 125 c.c. of 2 per*ceiit. caustic potasl] 
solution, diluted as before, and filtcf^d by suction on a 
Buchner funnel thiough two pieces •of hardened ftltei 
ipaper wliich have previously been counterpoised against 
each other. The bottom piece is to be used as a counter- 
poise in the weighing of the fibre. The whole of the 
fibrous matter is Washed on to the filter and washed 
with boiling water till the washings are no longer alkaline, 
then with a little dilate acid followed by water until the 
washings are no longer acid. It is then washed with 
several portions of methylated spirit, and, if fat is 
present, with several portions of ether. The fibre is 
finally dried to cemstant weight in the water oven. 

The following method is recommended by the American 
Association of Official Agricultural Clfemists for the esti- 
mation of crude fibre in grain, flour, and bye-product 
cattle foods, such as oik cake, etc. : Iwo.grams of the 
material are extracted with ether, *or ^he , extracted 
material from the fat determiifation may be used. The* 
fat free material is placc^ inm 500 c.c. flask, and 2 C «3 c.c. 
of boiling 1*25 per cent, shlphuric acid are added ; the 
flask is connected with a refluji condenser by means of 
a rubber stopper ; boiling is commenced at once apd 
continued for 30 minutes. A current of air passing 
through the liquid may serve to reduce frothing. The 
mixture is filtered, 5 nd the residue washed wiiji boiling 
water until the washings ar^ no longer acid ; 'it is then 
rinsed back into the Same flask with 200 c.c. of a boiling 
; i*25 per cent, solution of sodium hydretoie, free or 
, "nearly so, from carbonate ; boiling is commenced aft . 
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once, and continued for 30 minutes, in tfae same 
mannef as directed above for the treatment v^th acid. 
The insoluble residue is ^filtered off on a Gooch crucible 
and Washed with toiling water until *the ^washings are 
neutral, dried at iiq® and weighed ; it is then incinerated 
completely ; the Joss in weight thijs occasioned repre- 
sents crude fibre. 

The filter used for the first filtration may be of linen," 
glass wool, asbestos or any convenient form giving clear 
and reasonably rapid filtration. The strength of the 
acid and alkali solutions employed should be verified by 
titration, and not merely by the specific gravity. 

According to the United States standard of purity, 
wheat flour should no^t contain more than 0*5 per cent, 
of crude fibre. As will be seen from the table on p. 321, 
the crude fibre in the highest grades pf wheat flour only 
amounts to traces, and increases with the proportion of 
bran present . provided that a perfectly uniform method 
of estimation is adopted, the percental of crude fibre is, 
perhaps, the most reliable index^pf the amount of branny 
matter in the flour. The determination is also of im- 
portance in tlie analysis of feeding stuffs for cattle. 

Pentosans . — ^The estimaj-ion of these bodies depends 
gn their hydrolysis to pentosbs by hydrochloric acid ; 
the pentoses are converted into furfuraldehyde, oY fur- 
fural, by the action of the acid ; furfural is volatile, and 
may be estimated in the distillate by several methods, 
the best of, which are (a) by the reducing action on 
Fehling*s solution and (b) as the compound formed with 
phlorogH^cinol. 

With respect to the significanceMof the estimation, see 
p. 310, arjd the notes at the end of the description of 
the process. 
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Thlcfro^ucinoi, meinoa . — me loiiowing' procedure is 
adopted by the American Association of Official Agri- 
cultural Chemists : The phloroglucinol which is to ‘be 
used is tested for diresorcinol by ;dissolving a small 
quantity in a few drops of acetic anhydride, heating 
almost Jto boiling, and adding a few* drops of concen- 
trated sulphuric acid. A violet colour indicates the 
presence of diresorcinol ; if more than a faint coloration 
is obtained, the phloroglucinol may be purified as 
follows : About 300 .c.c. of hydrochloric acid of specific 
gravity 1*06 (12 per-cent.) are heated in a beaker and 
II grams of the phloroglucinol are added little by little, 
stirring constantly until it has almost completely been 
dissolved ; insoluble impurities ^nay be disregarded. 
The hot liquid is poured into a sufficient quantity of 
cold h5^drochloric ^cid of the same strength, to make 
the volume up to 1500 c.c., and the whple is allowed to 
stand for several days for the diresorginol to crystallise 
out. The solution is filtered immediately before use ; 
it may be yellow, but tliis is no detrimeBt. 

A quantity of the material which \\’ill yield not more 
than 0*3 gram of phloroglucide, is placed in a distilliitg ^ 
flask with 100 c.c. of hydroch|oric acid of specific gravity 
1*060, and a few pieces b{ ignited pumice. The 1 ias|f 
Is heated on a wire gauze so as ^0 distil 30 c.c. in about 
10 minutes, the distillate passing through a small filter 
paper as it leaves the condenser. Each 30 c.c. distilleS 
is reduced by 30 c.c. of fresh acid added from a tap 
funnel in such a way as to. wash down th6 material 
adhering to the sides of the flask. When 3^ €.c. of 
distillate have been coilected* the distillation is stopped, 
and a solution of phloroglucinol is graduaUj^ added to 
the distillate, stirrinff well : the amewnt of phloro» 
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glucinol added should be about double the Amount oi 
the furfural expected. darkening through yellow and 
green will occur, the precipitate which torms finally 
becoming nearly black. The liquid is up to 400 c.c. 
with hydrochlorijj acid if specific gravity 1*060, and 
allowed to stand overnight. 

The amorphous black pliloroglucide is filtered. off oji 
a Gooch crucible, washed with 150 c.c. of water so that 
it does not suck dry before the end of tlie washing, 
dried for 4 hours *'in the water oven, and cooled and 
weighed in a weighing bottle. Ivdber, who has made 
a study of tliis method, gives the following data for 
calculating the amount of furfural, pentoses and pen- 
tosans : — 

T6 the weight of the precipitate is added 0*0052 gram 
to compensate for the loss in washik^g, in each case. If 
the weight of pliloroglucide, w, is unfier 0*03 gram, the 
factor for conversion to furfural is 0-5170, to pentoses, 
1*0170, and to jSentosans, o*894(). If is from 0*03 to 
0*300 grain^ thfe factors are 01*5185, 1*0075 and 0*8866, 
respectively, If w is over 0*300 gram, the factors are 
0*5180, 1*0026 and o*88ji4 respectively. 

Uchling's Solution Method . — Baker and Hulton ^ re- 
commend the following method : One to 2 grams of the 
material (or 20 to 30 c.c. of the solution) are subWtted 
^0 the distillation with hydrochloric acid as described 
above, and a few c.c. of the distillate are tested from 
time to time by the following method to ascertain when 
all the furfural has distilled over. Ten c.c. of pure 
anilife are dissolved in 10^ c.c. of glacial acetic acid and 
80 c.c. of alcohol (80 per cent.). *’ This reagent produces 
a violet r^Q^or^tion with furfural ; care must be taken 
^ Analysis 1916 , 294 . 
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to Tiave ^ much sodium acetate present 'that the only 
free acid is acetic acid, as the coloration is not obtained 
in the presence of hydrochlofic acid ; towards the end 
of the distillation* 5 minutes must te allowed for* the 
coloration to develop. When the fUstillation of the 
furfural *is complete, •which is usually ihe case when 200 
U> 300 c.c. have passed over, the acidity of 10 c.c. of the 
mixed distillate is determined by titration with half nor- 
mal caustic soda solution. An aliquot portion of the dis- 
tillate is carefully neutralised with caustic soda solution 
so as to avoid local ewerheating which may occasion loss 
of the volatile furfural. Twenty c.c. of Fehling’s solu- 
tion (see p. 374) are used in a total volume of 100 c.c., 
i.e., 50 to 70 c.c. of the distillate ^are neutralised, made 
up to 80 c.c. and treated with 20 c.c. of Fehling’s solution. 
Baker and Hultou, however, recommend the use of 
larger amounts iut th<j same proportions in order that 
larger amounts of copper oxide may 4 :)e* weighed. The 
solutions are mixed in a conical flask, v^iich is connected 
with a reflux condenser, ayd heated for 35 fliinutcs. Heat- 
ing in boiling water is recommended* in j^refercnce to 
heating to boiling over a flame? for it is shown that tfie * 
blank value obtained witlj Fchling’s solution and sorjium 
chloride alone is greatly reduced by this method without 
affecting the furfural to copper factor. This value is 
determined by heating together under the same con- 
ditions as in the actual determination, the same amount 
of sodium chloride as that calculated to be present in 
the neutralised disti/late with Fchling’s solution under 
the same conditions of dilution. The amount t)f fcopper 
oxide thus found is deducted from that found in the 
actual determination. The precipitate qf c;;ijyous oxide 
;; treated as described ou' p. 277, The ’factor furfural ! 
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copper was found to be 0*3 to 0'32, i.e., 3 mg. of Cu6 
coTjesponds approximately to i mg. of furfural. 

Koning and Mooij ^ hav€4 published tjie following data 
showing how the percentage of pentosams varies in- 
versely with the jHoportion of bolted flour : — 


(Average figures are given in this table.) 



Water 
per cent.* 

Pentosans 
on Dry 
Material 
per cent. 

Pentosans 
i per cent. 
Calcu- 
lated. 

Unbolted flour 

14-2 

6-25 


Bolted flour . . < . 

12*1 

2-48 


Bread from unbolted flour 

50-22 

6-23 


Bread with 25 per cent, 
of unbolted flour 

49-42 

5-53 

5-30 

Bread with 35 per cent, 
of unbolted floyr 

49*33 

5-03 

4-88 


Colorimeirif Method , — Spica 2 hydrolyses 10 grams of 
tlie fat free flour (see p/ 328) and distils the insoluble 
resic^e with hydrochloriov acid till the whole of the 
furfural has passed over. The distillate is made up 
with 95 per cent, alcohol to make a solution containing 
50 per cent, of alcohol, and this solution is treated with 
a solution of aniline acetate in acetic acid (see above). 
The coloration produced is compared with that obtained 
from a solution of 0-05 gram of futfural in 1000 c.c. of 
50 pef'ceUt. alcohol under similar conditions. Practical 
tests, with flour bolted to yield 60, 80 and 100 per cent.> 

* Chem. ‘V^^ckbUd, 1914, II, 1064, abs. Analyst, 1915. 

Qum. Applic., 1916. 6, 26, abs. 
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gave solutions producing colorations corresponding to 
0*025, 0*152 and 0*225 gram o^ furfural respectively. 

Several methods for the ^determination of pentosans 
have been discussed, as this matter,* like the estimation 
of true starch, is a fairly recent development and one 
which vfill probably f epay further study. 

The Detection and Estimation of Foreign Matter 
AND Adulterants in Wheat Flour. 

Under this heading the detection of added mineral 
matter, foreign flours or starches, and flour damaged by 
fungi, such as ergot, are considered. Added mineral 
matter cannot, as a rule, be detected with any certainty 
by an increase in the ash content of the flour, owiTig to 
the variations in a^h content of flours of differing fine- 
ness and origin ; ,for this purpose, the special methods 
described below must be adopted. Mdition of foreign 
flours, etc., may sometimes be detect ed*by the use of the 
microscope, though for this task considefable experience 
is often necessary. In some cases, hbweyer, chemical 
methods are available. 

Alum . — Alum is sometime:* added to bad or slightly 
damaged flour by the millvr or the baker in order to 
improve its appearance ; although it is only added in 
ver>" small quantities, which can hardly be injurious tp 
health, its use is prohibited by law in England. Two 
methods are available for the detection of alum in flour, 
i.f., the logwood meihod and the chloroform method ; 
tlie latter method also allows of the detection of nineral 
Editions other than alum. 

Lo^ooi Method . — ^Tincture of logwood# v^i'jch should , 
idways be freshly made, is prepared as follows : Half a* ;; 
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gram of fine logwdfod chips, preferably cut fresbfrom the 
log, is rfiacerated for lo hours in 15 c.c. of alcohol ; 10 cx. 
of the solution are poured and mixed with 150 cx. of 
watef and 10 cx. of a saturated solution of ammonium 
carbonate. Tlie tc^t should be carried out immediately 
after the addition gf the ammonium carbonate ; 50 grams 
of the flour are made into a thin paste with wa^er, a 
few drops of the logwood solution are added, and the 
mixture allowed to stand for several hours. If alum is 
present a lavender ‘blue lake will* be produced. The 
colour should persist when the sample is placed in an 
oven at 100° for two hours. If only i part of alum 
in 1,000 be present, the flour becomes pink instead of 
avender. In the casef of a negative result being obtained 
by this test, the absence of alum may be inferred. If a 
positive result is obtained, it is best 1;,o confirm it by the 
chloroform method in order to make sure that the 
coloration is not doe to adventitious clayey matter from 
the millstones ; in the modern process of milling, how- 
ever, in which «vteel rollers are used, the latter source of 
contamination is*avoided. Moreover, the logwood test 
ii only obtained in the presence of aluminium compounds 
soluble in water. ^ 

» Chloroform Method. — ^This.iiiethod also allows of the 
detection of mineral matter other than alum ; a^ men- 
tioned above, alum and copper sulphate are only added 
in very small quantities, their function being to increase 
the whiteness of the flour ; their use is forbidden by 
law, and it is but rarely that they -will be found in com-' 
mercikl Wmplcs of flour. Substances such as acid potas- 
sium, magnesium or calcium phosphates, notably the 
latter, ar(j^^sed in larger quantities, their function like- 
*wise being to make lower gr^ides of flour appear equal 
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to the highest grades ; they are said to “ rAke the flour 
bake whiter, while the bread is improved in boldness, 
texture, crust, etc.'" Dr. Hamili, in his report to the 
Local Government .Board, ^ states that he has seen acid 
calcium phosphate added to, and intin^ately mixed with, 
flour in \he proportion of about 0*45 j)er cent, of the 
finished flour. Curt el ^ describes a preparati(>n sold under 
tlie name Blanc Flour,” consistint^ essentially of acid 
calcium phosphate, which the makers recommend should 
be added in the propprtion of i per>ceut. of the flour. 
Considerable quantities of calcium sulphate may be 
introduced if inferior ’grades of calcium phosphate arc 
used, especially in the case of self-raising flours, which 
are now usually prcx)ared by adding calcium acid phos- 
phate and sodium bicarbonate to the flour. As ipen- 
tioned above, the anioimt of mineral matter added in 
such cases is usually large enough to be detected by an 
examination of the\ash of the flour. In a report to the 
Local Government Board it is reconimerded that bakers 
and millers should insist on a calcium phosphate con- 
taining under 10 per cent, of calcium .sulphate. If a 
conspicuous excess of the latter^ be found, ^prosecution* 
under the Sale of Foods and Drugs Act of 1875 might 
be considered. 

The detection of added mineral matt(T by the chloro- 
form method may be carried out as follows : 200 grams 
of flour are shaken in a separating funnel with sufficient'' 

^ Reports to the Local CfOvernmoit Board on Puhhc Health and 
Medical Subjects, New Scries, No. 49, Food Report No. 12, 1911. 

“ On the Bleaching of Flour and the Addition f>f so callul ‘ Im- 
provers ’ to Flour," by Dr, J. M. H^rnill, and " On the dliemical 
Changes produced in Flour by Bleaching," by Dr. G. W. Monicr 
Williams. 

^ Annales des Fahificalion^, P- 3 ^-- 
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chloroform toj^ive a perfectly liquid mixture, and allowed 
to staiTd overni|:;ht. I'hc chloroform is of sufficient den- 
sity to allow Hit; organic*' constituents of the flour to float, 
whil^ the luiiKTal nVitter wnl sink to tlid bottom, without 
being dissolved. Xhe solid matter which has collected 
at th(j bottom is carefully removt'd through the stopcock, 
shaken a second time with a littl(‘ more chloroform, and 
when it has subsided again, transferri'd to a watch glass 
so that the chloroform may evaporate. The residue is 
tieated witli a snia?l quantity of vyater, the solution is 
S('parat('d from the insoluble poition and all()wed to 
e^’aI)orate, when th(' alum w'ill separate, if present, in 
the form of octahedral crystals, which may be, identified 
by examination undrr a low'-puwer microscope. The 
crystals may be dissolveal in a litth* water, and identified 
as alum by tlu* usual tests. The residue' inseduble in 
wate'r may be examined unde'r the inicre'^scopi', and sub- 
jected to a qualitative aua(\ds fen' metals and acid 
raelicle's ; small amounts of copper salts, cither in the 
soluble eir iiisoinble portion, may be; detecte'd by their 
delicate re.ictiem with potassium fen reicyanide. 

' For the dcicctiein of calcium phosjfliate in flour, Curtel 
(he. cit) receunmends the following method, which, in 
principle, is practically idejuical with the foiegoing : 
Five grams of flour are shaken with 40 to 50 c.c. of 
carbon tetrachloride, the mixture is centrifuged, and the 
ilour and the carbon tetrachloride are separated from 
the sediment ; the latter is dissolved in a little nitric 
acid, and tested wdth a small qwintity of ammonium 
molybdate solution ; if the flour contained added calcium 
phosphate, a copious precipitate, .will be obtained; the 
small amount of sediment obtained from unadulterated 
^flours, representing natural impurities, will produce no 
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precipitate. The use of the centrifuge, both in tjiis and 
the foregoing method, greatly iiicilitrites the separation 
of the mineral sediment fron/tlu* dour. The advantage 
of the two methocls just dt'seribed Ties in the faet that 
practically only tlie mechanically ITdmixed matter is 
separated ; moreover, by the use rtf sucli liquids as 
ghloroform or (‘arbon tetrachloride, intiaaction bt'tween 
the added mineral matter and the natural constituents 
of the wheat is avoided, such as, {or exainjdc', would 
occur bctw'een aluih and the wheat phosphates in 
presence of water. • 

Detection of Flour Damcoe^ed by Moulds.- Ath'r bad 
seasons, flour is liable to contain inatter which has In-en 
damaged by moulds, espirially ergot, h'or the ck'teetion 
of starch w'hich has lieeii alfecled by moulds, a minute 
quantity of the tlv%nr may be mounti'd in a drop of 
glycerol, and exayiined under a low-jiow'er micioscopi' ; 
a drop of aniline violet solution is then*al?owed to difluse 
into the mounting medium, under t1ii‘ cover glass ; 
granules which have beoii damag(‘d by* mould of any 
kind will take up the colour intensely. 

Chemical Method for DeicctinJ^ 7 s>ge/.— iiie lollowing 
method is given by laTfini^mi and Beam : i'en gran a; ot 
flour are macerated for ’about 30 minutes w'ith a* 
mixture of 20 c.c. of ether and €o dro])s of dilute sul- 
phuric acid (i to 5 parts water) ; the mixture is tiltereci 
and the residue is washed with ether until the tilt rate 
measures 15 c c. This filtrate^ is shaken up with 5 dro})s 
of a saturated solution of sodium bicarbonat*;. The 
green clilorophyll remains in tfle ether ; the bicarbonate 
solution will remain c/ear if the flour is derivial from 
sound grain, but becomes deej) violei if •ergot is 
present . 
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The sale ot'ergotised flour as good flout would 
con^itute an offence under the Sale of Fdods and 
Drugs Act. 

The Detection of foreign Flours iV *Wheat Flour , — 
According to Wyn 4 er Blyth the following have been 
fraudulently added to flour : rye, riqe and barley, meals, 
flours from various leguminosae, such as the bean oi; pea,^ 
linseed meal, buckwheat, potato and some other starches. 
Such additions arc stated to be rare in this country, the 
foreign flours most likely to be met-with being those of 
rice and the potato ; admixtures jof this nature are, 
naturally, most frequently to be met with in practice in 
times of scarcity of wheat. Thus, in 1917, the Ministry 
of Food laid down id per cent, as the minimum and 
25 pef cent, as the maximum of flours from other cereals 
to be mixed with wheat flour. An g»rder in 1918 per- 
mitted the use in the manufacture <jf bread of such 
quantities of potatoes as the maker might think fit. 

General Tests , extracts the suspected flour with 
70 per cent. ^cOhol, to which 54)er cent, of hydrochloric 
add has beei^ added ; if the flour is derived from pure 
wfieat or rye, the alcohol remains colourless, but takes 
up ^ yellow colour if either barley or oats be present, 
orange yellow in presence of pea-flour, and purple red or 
blood red in presence qf mildewed or ergotised \Jheat, 
respectively. 

The conclusions which may be drawn from the appear- 
ance of the gluten are given under the gluten test. 

The microscopic examination and identification of 
starches Mas been dealt with on pp. 304 to 308. The wash 
water from the gluten test may •conveniently be used 
for micro^qpic^examination for starches. 

* Potato S/orcA— Donna’s test for the detection of 
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potato Starch in wheat flour is carried Out as follows : 
The flour is examined in a thin* layer, mounted in water, 
in the usual w^y, under t|e microscope ; then,, while 
the starch i& still under observatioft, a weak solution of 
potassium hydroxide is allowed to diffuse under the cover 
glass. • Under the influence of the alkali, potato starch 
►granules will begin to swell till they reach four to five 
times their original volume, while wheat starch is scarcely 
affected. In order to render this t jst sharper, it may be 
combined with LecJnu's subsidence process, when it will 
be possible to detect as little as one part of potato starch 
in a thousand of wheat flour. 

The process just alluded to depends on the fact that 
potato starch has a higher specific gravity than wheat 
starch, and will consequently sink in water sooneY than 
the latter. One hundred grams of the flour are made 
into a dough wi1>h water, and the gluten is separated by 
kneading in water ; the wash water ^Is Collected, stirred 
and passed through a sieve to separate the coarser sus- 
pended matter, and then allowed to stand in a conical 
flask until a deposit has formed. * Th# supernatant 
liquor is decanted while still* turbid, and the deposits 
stirred up with more Wc^ter*%nd allowed to stand*for a 
short time. After decanting the turbid supemataht 
liquor, the process is repeated once more, when the 
lowest portion of the find deposit will consist entirely 
of potato starch, if this be present. The influence of 
dilute potassium hydroxide solution on the starch grains 
may then be studie*d by means of the microscope, as 
directed above. 

In bread the starcH granules lose much of their char- 
acteristic appearance owing to gelatinisatien^on baking, 
but potato starch may be recognised ty the readiness 



342 IridustriarOsganic\*Analysis 

with which it fakes up such stains as methyleife blue or 
neutral red.^ 

Leguminous Starches . — leguminous starches may be 
detected with comparative ease in whekt flour by micro- 
scopic examination (see p. 307). If a thin layer of the 
flour be mounted ki a mixture of water and glycerol, in 
the proportion of 2 parts of the former to i of th^ 
latter, and examined under the microscope between 
crossed Nicol prisms, a selenite plate being interposed 
between the object and the lowA- Nicol prism, the 
leguminous starches will show no play of colours, and 
will easily be detected among the iridescent starch 
granules of wheat. Further, if the flour is treated under 
the microscope with a 10 to 12 per cent, solution of 
potassium hydroxide, it will be possible to dissolve the 
starch of the leguminosae, leaving a characteristic 
reticular tissue, made up, for the most^part, of irregular 
hexagons. • • 

Separation of Vegumin . — Leguminous starches may be 
detected by.tliS separation ofc legumin, a constituent 
peculiar to tljis gfoup. Lecanu^s process is as follows : 
• The gluten is separatee^ in the usual manner, as de- 
scrilyid above under the flutfn test, the wash water, 
Which contains the starch, s 61 uble matter and legumin, 
being collected, passed through a sieve to separate the 
ct)arser suspended matter, diluted, if necessary, and 
allowed to settle. The supernatant liquid is divided 
into two parts ; one of these is allowed to putrefy or 
ferment, spontaneously ; with pure wheat flour, lactic 
acid fernfentation is the mqst common ; with flours con- 
taining legumin, putrefactive fernfentation will set in at 

‘Schatz kdU ^cin. Chem. Zeit., 1915, 39, 143, abs. Analyst, 
*1915. « 35 . 
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once. Tif lactic acid fermentations, the pfincipal change 
which occurs is the transformation of sugar into lactic 
acid, a change which may ^e followed by noting the 
increasing aciditjf of the liquid ; fn putrefactive* fer- 
mentations, the proteins are decotpposed. (See the 
account* of the decomposition of milk by micro-organisms 
in Chapter VI.) 

The second portion of the aqueous extract from the 
flour is filtered clear, and concentrated by evaporation 
until a yellowish sctfm forms on the surface ; it is then 
allowed to cool, and filtered in order to remove the 
albumen, which, at this stage, will have separated from 
the flour whether it contains leguminous products or 
not. The legumin, if present, is precipitated from the 
filtrate by the addition of a drop of acetic acid, fiftcred 
off and dried in the steam oven. When dry, legumin 
is of a horny consistence, insoluble in alcohol, not coloured 
by iodine and easily soluble in caustic*alkali or ammonia 
solutions, from which it may be precipitated by the 
addition of acid. Accoiding to LemenSiit^des Chenais, 
o-g parts of, legumin in loo parts of flo^r, represents 
an adulteration corresponding *to 5 per cent, of added- 
leguminous flour. Too i^uch reliance should, however, 
not be placed on a quantitMive estimation of this kind. 

Rice Flout . — Rice flour may be detected in wheat flour 
by a microscopic examination of the starch granules (s^e 
p. 306). Wheat starch, in common with the starches of 
rye and barley, shows no hilum or concentric rings in 
the majority of granules, which are nearly circular, and 
flattened in shape. The grapules of rice stardh, bn the 
other hand, are polygbnal in shape, as viewed ^nder the 
microscope, show faint rings, and under Jiiglwmagnifica- 
tion, a starred hilum. ftastine advis& staining witH 
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aniline blue or green (as previously desciibeS), which 
will show up the hilumjof the minute starch granules as 
a reddish point. 

In all these mitroscopic examinations, comparison 
should always be.lnade with samples which are known 
to be genuine, as •well as with samples which hive been 
purposely adulterated. 

The Examination and Analysis of Barley. 

Barley may vary in colour from whitish yellow to 
brown, the best usually being that of a bright yellow 
colour. If too light, the grain may have been bleached 
by chemical means (sulphurous acid), while if too dark, 
or coloured brown at the tips, it has probably been 
unduly exposed to rain. It should possess a sweet smell 
like that of straw ; if musty or mouldy in smell, it has 
probably been badly harvested or stored. The various 
outward characteristics by which the expert judges the 
quality of barlby will not be^ detailed here, and the 
mechanical i^ts'will only be briefly referred to. The 
» student desiring furthernnformation on these points, is 
referred to the works on ^he ^subject of brewing, men- 
tioned at the end of the present chapter. 

Sampling , — Several portions are taken from different 
places and depths in the sack or heap, and well mixed ; 
500 grams are then taken as a sample for analysis, which 
is preserved in an air-tight vessel. 

Meehan cal r«<s.-~The more ftnportant mechanical 
tests are ks follows : (a) Determination of glumes or chaff, 
which should not amount to more*than abemt 7 to 10 per 
cent, of thsigr^ (Weber). (6) The form and size of the 
toms may be examined by specially constructed sifting 
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machiifes; [c) ths" Sinker “Test] wheR several hundred 
corns are thrown into water, Qnly about 2 to 3*per cent, 
should float ] ^{d) the relate transparency of the grain 
may be observed by means of apparatus specially de- 
signed for the purpose ; (e) the we^ht of 1000 corns (air. 
dried). 

Germination -About 500 corns are placed at the 
ordinary temperature on moist blotting paper between 
glass plates and observed after three days and six days. 
They should all germinate at practically the same time. 


Chemical Examination of Barley. 

Waier.--The Institute of Brewing method for deter- 
mining the moisture content in barley is as follows ; 
About 10 gram^ of the sample are ground as finely as 
possible in a small coffee mill, a little of the sample 
having been put through the mill beforehand. Four to 
5 grams are then weighed accurd!tely in a weighing 
bottle provided with a*stopper, or in d'be^iker or crystal- 
lising dish provided with a watcfl gl^ cover. The 
vessels should be 2 inches in diameter. The samples 
are dried in a boiling water oven for 5 houi^ while 
th^ stoppers or covers afe kept on the top of the oven. 
The closed vessels are transferred to a desiccator and 
weighed as soon as possible after cooling. Several pre- 
cautions are given : Nothing else but barleys should be 
in the oven, which must be kept ventilated, the door 
being kept closed during the period of drying.^ Products 
of combustion from the J>umers should prevented 
from entering the dven. The samples should be placed 
on the bottom of the oven, away fronv th^ ^oor, and the 
shelf of the oven should be out of use. Further, it is 
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advised that di^illed water should be used in the oven 
to prevent furring, and ^that a control determination 
should be made on a stock ^ample of barley with each 
batch.* The results should be accurate fo within o*5 per 
cent. 

The water percentage in barley, which may vary from 
12 to i8, is an important factor in its commercial valua- 
tion ; a good barley should contain from 13 to 15 per 
cent, of water. 

Fat . — ^'rhe dried residue from the wUter determination 
is extracted with ether in the SoxhloJt apparatus. (See 

p. 87.) 

Barley may contain from about 1*6 to 2*6 per cent, 
of fatty matter. OccJisionally, however, the barley may 
have Ixien treated with oil in order to give it a shiny 
appearance, in which case the fat rontc^it as determined 
by the above method will be materially «icreased. 

Nitrogen (Prot&int).— This is determined on 2 to 3 
grams of barley by 'the Kjeldahl-Gunning process. (See 
p. 26.) The fact 65 r for converting nitrogen into proteins 
is 6*25. 

I According to Weber, tke protein content of barley 
may vg.ry from 6 to 18 per cwit.,^bnt generally speaking, 
a good barley for brewing purposes should contain ^not 
less than 8, and not more, than ii per cent, of protein^. 
A ^ow protein content affects the yeast unfavourably 
in the fermentation process, while with a high protein 
content, the amount of extract obtained from the malt is 
decreased. 

StarcH . — ^This constituent may be determined on the 
finely ground barley by the methods described on pp. 309 
to 317- 

The percentage bf starch in barley usually lies between 
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70 and 80, and furnishes a measure of tf e proportion of 
extract obtainable from the malt for brewing purposes. 

Ash.— This may be dete^ned on the finely ground 
barley, as dq^cribed for flour on p. 526. • 

The content of ash in barley usually lies between 
2*5 and 3*5 per ceni. 

T^t for Bleaching by Sulphur Dioxide — Mixed or badly 
coloured barle}^ may be made to assume a uniform light 
yellow colour by treatment with sulphurous acid. 

Evidence of sueh treatment may be obtained as 
follows ; (Weber) /oo grams of the barley are mixed 
with 100 c.c. of water, stirred at intervals for half an 
hour, and filtered. 100 c.c. of water and a few pieces 
of pure zinc are placed in a beaker, and sufficient concen- 
trated hydrochloric acid is added to cause a moderately 
rapid evolution fif hydrogen. The beaker is covered 
with a piece of glter paper, the middle of which has been 
moistened with a few drops of lead acetate solution. If, 
after some time, no brown or black stain appears on the 
paper, the zinc and acid are sufficiently pure, and the 
test may be proceeded with. The wate| is pouted off 
from the zinc, and the filtrate# from the barley added iu 
its place, together with a littje concentrated hydrochloric 
acid Sulphurous acid, jf present, will be reduced ito 
sulpliuretted hydrogen by th^ action of the nascent 
hydrogen, and a brown or black stain of lead sulphide 
will appear on the filter paper covering the beaker. If 
only traces of sulphurous acid are present, the stain may 
not appear for aboift 10 minutes. 

The Examination AfJD Analysis of Malt. 

The value of a malt extract for breyijig purposes 
depends very largely on its diastatic* activity, i.e., bn 
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the ab^ty of {he diastase which it contains, *to effect 
a rapid conversion of.thf starch into maltose and 
dextrin. 

Before the detenhination is descrilJed, ^a few words 
may be said regarding the preparation and composition 
of malt. Malt is prepared by steeping barley in water 
and then allowing it to germinate at a suitable tempera-* 
ture ; during this process, diastase, as well as other 
enzymes, are formed in order that the starch may be 
converted into soluble products which can be assimilated 
by the growing embryo. Before germination has pro- 
ceeded to any extent, the vital processes are stopped by 
drying and curing the grain in a kiln ; the action of the 
diastase on the starch and -other carbohydrates is thereby 
stopped for the time being, to be continued when the 
malt is subsequently made into a ftiash vith water. 
During the drying process, various substances are formed 
which impart coloilr and flavour to the malt and to the 
products prepared*from it. 

Malt varies, in colour from light yellow to dark brown, 
according to Ijie o'rigin of the barley and the degree of 
<:he curing, or (hying. It should be crisp and white 
inside; its diastatic activity depends very largely on 
the freshness and quality of the grain from which^it is 
prepared, as well as on the degree of curing. 

J'he following typical analysis, from Blount and 
Bloxam’s "Chemistry for^ Engineers and Manufac- 
turers," will give an idea of the approximate com- 
position pf barley and malt ; the most noticeable differ- 
ences, on^the analytical figures, between barley and 
malt are the lower proportion of ^ter and the higher 
proportion tof soluble carbohydrates contained in the 
litter. Further, malt usually contains slightly less 
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fatty matter, and more soluble nitrogperf compounds 
than barley. • 


— 



Barley. . 

. Malt. . 

• 

Water* . 

Per cent. 

Per cent. 

* I4’i 

5-8 

•Protms . 

10*6 

I3’i 

Fat . . . 

2-1 

17 

Carbohydrates . 

. 637 

(mainly starch). 

• 

, 65'4 ' 

(about J being fer- 
mentable sugar) 

Fibre 

n 

II-6 

Ash . 

2-6 . 

2-6 


Sampling. — See. under the Examination and Analysis 
of Barley. 

Mechanical Tests similar tj those enumerated 

under (h) to on p, 344, for barley, ^e applied also to 
malt. 

Chemical Examination of MIvlt. 

• 

Water . — ^This may be determined by drying about 
5 grams of the finely ’^jowdered malt in a weighing 
bottfe, as described for barley on p. 345, 

Freshly cured malts may contain from about i to 3 
per cent, of water, while malts which have been stoifed 
for any length of time, may Contain from 4 to 6 per cent., 
or even more. Malts containing more than 6 per cent, 
of water may ushally be regarded as inferior ill quality, 
yielding beers of poor taste 4 nd keeping qualities. Pale, 
or lightly cured malts generally contain slightly more 
water than dark malts. Jklalts which are known to have 
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been stored for long time and which contain hss than 
3 per cent, of water should be regarded with suspicion, 
as they may possibly have^een subjected to an extra 
drying. 

Preparation of Exiract . — ^An important feature in the 
valuation of malt fcj* brewing purpose^ is the preparation 
of an aqueous extract for chemical and physical exanjina- , 
tion. Great care should be taken in carrying out the 
following directions, as the analytical results are likely 
to be influenced by af)parently trifling differences in the 
method of preparing the extract. Tbe directions, given 
by Weber, include a “ saccharification test.” 

For the preparation of the mash, a 500 c.c. beaker of 
nickel, aluminium or bi*dss will be required. The clean, 
dry beaker is first weighed together with a thermometer, 
and the weight noted. A little over *.50 grams of the 
malt is ground to a fine powder, and ei^^actly 50 grams 
of the powder w^igjied out in the beaker. 200 grams 
of water at 48® to 50® are added, and the .beaker is im- 
mediately placed ‘in a water bajh at 45®, and kept at 
this temperature for half an hour ; the temperature is 
yieii raised at The rate of ,1® per minute up to 70®, and 
kept at this point for i fipur ; throughout the whole 
mgjshing process, the contents^of the beaker should be 
gently stirred with the thermometer. After the mash 
has been kept at 70® for 10 minutes, a drop is removed 
and tested for starch by mixing with a drop of iodine 
solution on a white tile if “a red or blue coloration is 
produced, the whole of the starch has not yet been con- 
verted iiitb'dextrin and maltose, and the test is repeated 
every 5 minutes until no coloration is obtained with 
iodine. 

•The time from the moment at which the temperature 
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of the ijiash reached 70® to the complex flisappearance 
of the starch is noted (Saccharification Test). With 
pale, lightly cured malts, M high diastatic value, the 
time for “ saccharificatioi/" is i^sually. about lo to 
15 minutes, with intermediate malt^, 15 to 20 minutes, 

and with dark malts, which ha\h somewhat lower 
• • • 
diastatic values, owing to the heavy curing, 25 to 30 

* minutes. 

When the saccharification is complete, the material 
adhering to the sidgs of the bcaker*is loosened by means 
of the thermometer and use of a wash bottle, and the 
temperature kept at 70° until the hour is up. The beaker 
is then removed from the water bath, and 200 c.c. of 
distilled water are added, or correspondingly less if much 
water was used in loosening the material adherin^to the 
sides of the beakgr. The whole is cooled to under 20®, 
the outside of the beaker wiped dry, and the weight of 
the contents made up to exactly 450 grams with water, 
the weight of the empty beaker and thermometer having 
previously been determined as directed. The contents 
of the beaker are well mixed and brought on to a dry 
fluted filter ; the filtrate, or wort, as it is called, may now 
be used for the determinations of extract, sugar, nitrogen, 
ash and phosphoric acief, ;ind depth of colour. If is of 
inte^st from the point of view of the brewer to note 
the odour of the wort and whether it filters clear or 
turbid. 

Determination of Extract. — ^Tl^ specific gravity of the 
wort at 17*5® is detennined by means of the pyknometer. 
A float specially* designed for the purpose m0!y«also be 
used, though the results obtained by this method are 
less accurate. The percentage of extract by weight may 
then be found by calculating the speciitc ^avity to the 
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basis watd « ^o^o, subtracting looo and dividing by 4* 

(Cf.p.369.) 

It now remains to calciAallb the percentage of extract 
on the malt itsejf (air dried) Ir the anhydrous malt. 

Suppose the wort ^0 contain 8*o per cent.' of extract, 
‘and the malt to contain 5*0 per cent, of water. 

One hundred parts of wort will then contain 92 parts 
of water. The weight of mash before filtering was 450 
grams, consisting of 400 grams of water, and 50 grams 
of malt. As the 50 grams of malt cojitained 2-5 grams 
of water, the total water in the 450 ^ams of mash was 
402*5 grams. Now in the water, 92 parts of wort corre- 
spond to 8 parts of extract, so in the mash, 402*5 parts 
, of water will correspondito 

, 8*0 X 402*5 X ir X X 

• Z — z ~ 35.0 parts of extract. 

92*0 , 

Thus, 50 grams of malt yield 35 grams of extract, there- 
fore the malt will yi^d 70*0 per cent, of extract. 

As 100 parts of malt consist of 5 grams of water and 
95 grams of anhydrous malt, the anhydrous malt will 


70 X — * 73*7 ber cent, of extract. 

, 95 t ^ 

The yield of extract on the ♦anhydrous malt usually 
lies between 72 and 80 per cent. 

It is of interest to the brewer to know the yield of 
extract obtainable from malt, as this, together with the 
added brewing sugar ^ (invert sugar or glucose) con- 
stitutes the fermentable material used in the brewing 
oi beer. ‘ the yield is usually stated in lbs. per quarter 


(28 lbs.). 

* Bxtwer*s ** contains, besides dextrose, maltose and 

d«Ktiin. 
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Sugaf^’—k portion of the wort, obtaiifed as described 
above, is diluted to ten tim^ i|s volume, and the sugar 
determined as described oiyp. 373. (See also p.^374.) 
The copper oxidd obtained may oe Converted to maltose 
by reference to the table on p. 377. 

In order to find the percentage of s^igar in the extract, 
,the percentage of extract hy volume in the. wort is found 
as described on p. 352. Having determined the sugar 
in a given volume of wort, the sugar in the extract 
corresponding to this volume of wort is easUy calculated, 
and hence the percentage of sugar in the extract. 

Subtracting the percentage of sugar in the extract 
from 100, the percentage of matter other than sugar in 
the extract is found. 

' According to Weber, the ratio of the sugar to Extract 
less sugar, varies* from i : 0*4 or 0*5 in pale (Pilsner) 
malts, to I : o*6^r 07 in dark (Munich) malts. 

Nitrogen, — Twenty-five c.c. of th» wort, obtained as 
described above, are evaporated to* a syrup, and the 
nitrogen, and hence the proteins, dSferpiined in the 
latter by the Kjeldahl-Gunning proems, ^ described on' 
p. 26. As in the case of malt,»the factor for converting^ 
nitrogen into proteins isj5*2^. 

The percentage of nitrogen, calculated on the extract, 
varies from 0*5 to o*8, and the proteins from 3 to 5. 

The nitrogen may also be determined direct, on yie 
finely ground malt. 

Although both in barley an^ malt the whole of the 
nitrogen is not present as proteins, the determination of 
nitrogen is nevertheless of^value when used compara- 
tively, especially in tts bearing on the physiology of the 
fermentation process. 

Ash . — ^Fifty c.c. of the wort are evapbrated to dryness 

4 .I.A. • 23 * 
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in a weighed platinum dish, and the residue inciflerated. 
(See p. 326.) . , 

•The content of ash in fee extract (calculated as 
explained above for^sugar) Wries from 1*4 to 1*9 per 
cent. 

Acidity of ilfa/<.-U)ne hundred grams of finely pow- 
dered malt are well mixed with 400 c.c. of 20 per cent. , 
alcohol, and allowed to stand for 6 hours, the mixture 
being shaken from time to time. The mixture is then 
filtered, and 100 c.c.* of the filtrate* are titrated with 
decinormal sodium hydroxide or bacyta solution, until 
a drop brought on to a piece of sensitive blue litmus 
paper no longer produces a red coloration. The number 
of cubic centimetres ofMecinormal alkali used is calcu- 
lated to lactic acid by multiplying it by 0-009. 

The percentage of acid, calculated os lactic acid, in 
malt, varies from 0-15 to 0-4. ^ 

Determination of the Diastatic Activity [Lintner Value) 
of Malt} — ^This determination is based on Kjeldahl's 
observation thafSn malt diastase conversions, where the 
^amount of malJose‘formed does not exceed 45 per cent, 
of the starch originally paesent, the amount of maltose 
produced in a given time m|iy be taken as a measure of 
the activity of the diastase solution used. The actual 
method described is due Jlo Lintner. In the first place, 
the preparation of soluble starch and the malt extract 
will be described. 

Preparation of Soluble StercA.— This may either be 
obtained ready-made or prepared as*follows : 100 grams 
of puriheJi*' potato starch are digested with 500 c.c. of 
dilute hydrochloric acid of specific gravity 1*037, 
ordinary tejry?e^ture, for 7 days, the mixture being 
* See Alio*the Saccharificadon Teat {p. 350). 
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Stirred daily. The mass is then wash^ repeatedly by 
decantation, first with tap wat^r and then with*distilled 
water, till all the acid ha^been removed. When the 
moist starch, giv6s no acid ^eaction^vhen ‘spread on blue 
litmus paper, a few drops of dilute i^monia are added, 
and the starch again washed by decantation until all 
,the ammonia has been removed. It is then collected on 
a Buchner funnel, sucked as dry as possible, spread on 
a porous plate and dried at a gentle heat {about 30®). 
When required for tise, the pulverised starch is dissolved 
in boiling water to make a 2 per cent, solution which, on 
cooling, should be perfectly mobile, and not gelatinous, 
as would be the case with a solution of untreated starch. 
Its action on Fehling’s solution, on boiling, should be 
negligible. 

Preparation of •Malt Fjcfroc/.— Twenty-five grams of 
the finely ground malt are extracted with 500 c.c. of 
distilled water for 3 hours at «i^, agitating the 
mixture from time to time. The wht)le is then filtered, 
the first 100 c.c. of the filtrate beiifg rejected. The 
extract obtained should be perfectly dlear^and bright. 

The actual determination of diastatic activity is earned 
out as follows : Portions of to c.c. of a 2 per cent^ solu- 
tion of soluble starch ar^ measured out in eight care- 
fully cleaned test tubes, which,are placed in a suitable 
stand and immersed in a water bath kept at 21®. Wh^n 
the starch solution has reached the temperature of the 
bath, 0*1 c.c. of the malt extract^o be tested is measured 
into the first tube, d’2 c.c. into the second, o*^into the 
third, and so on,*to the eighth tube, into whlbhb’8 c.c. 
will be introduced, in examining pale malts, i.e., malts 
which usually have a relatively high^q^hatic power 
owing to the lightness of the curing, it*is recommended 
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to dilute the e^ract obtained as directed abcfve with 
an equal volume of water, and to add it to the starch 
solution in the tubes, in amounts of o*2 c.c., 0*3 c.c., 
0*4 C.C., etc. ;• in t^sVaj^ greater accuracy will be 
attained. The tub^ are allowed to remain in the water 
bath at 21°, for eKactly one hour from the time the 
extract has been added. Five c.c. of mixed Fehling's, 
solution (see p. 373) are then added to each tube, and 
after shaking the tubes are heated in boiUng water for 
10 minutes and allowed to stand 'until the cuprous 
oxide has settled . Usually the liquid in one of the tubes 
is faintly blue, showing that the maltose present was 
insufficient in amount to effect the complete reduction 
of the cupric salt present in the 5 c.c. of Fehling’s solution, 
while tffie liquid in the next tube of the series is yellow, 
owing to over reduction. In this way the amount of 
malt extract, which is just sufficient to, produce, in the 
given time, the quantity of maltose to reduce 5 c.c. of 
Feliling's solution,* may be estimated. Thus, if tube 
No. 2 is as muclt under reduced as tube No. 3 is over 
reduced, • then jthe *amount of malt extract sufficient to 
cause complete reduction may be taken at 0*25 c.c. {i.e., 
if tul^e No. 2 contained 0'g^ c.c., and tube No. 3 con- 
tained 0*3 c.c. of the extract). If the liquid in one of 
the tubes is neither blup nor yellow, then the maltose 
fofmed therein will have been just sufficient to cause 
complete reduction. 

Complete reduction by o*i c.c. of malt extract corre- 
sponds to a Lintner value of 100. ^f X is the quantity 
of malt* extract required for complete re’duction, in cubic 
centimetres, then the diastatic activity of the malt, 
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Froiifthe figure thus found, it is usmd to deduct i*5, 
to allow for the reducing sugars present in fhe malt 
extract. If the extract ha* been diluted with an equal 
quantity of ;ivater, then half th 5 vWume-actually*added 
must be used for the purposes of the calculation. 

Diastatic activities of over 8o ajre considered high, 
und^r 50 low. 

The modification of the above method adopted by the 
Institute of Brewing is as follows : The details are as 
described above, excepting that foo c.c. of the soluble 
starch solution arp treated with 3 c.c. (more or less 
according to the diastatic activity) of the 5 per cent, 
extract to be tested. After i hour at 21®, the action 
is stopped by the addition of io*c.c. of decinormal soda 
solution, and the whole made up to 200 c.c. The amount 
of maltose present is determined by titration with Feh- 
ling’s solution. ^ When 0*1 c.c. of the 5 per cent, extract 
produces enough maltose (0*04 gr^) to reduce com- 
pletely 5 c.c. of Fehling’s solution, the material' is said 
to have a diastatic powijr of 100. If o-fTc.c. are required, 
the diastatic power is 50, and so on. • 

Colour of the Wort . — ^The d^pth of colour of the Wbrt; 
obtained as described abov^ is determined by means ol 
specially designed colorimeters, comparison being made 
witli the colour of iodine solutions of known strength. 

Infants' Foods. 

In the previous chapter onlyipreparations made from 
milk were consider^. From Dr. Coutts’ Report (foot- 
note 2, p. 311) if will be seen that there are fhafiy fod^ 
on the market for which extravagant and misleading 
claims are made. Such are those wlqph contain large 
amounts of starchy being chiefly composed of flour, e.g., 
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wheat or oatmeal which may or may not have been 
baked. * As st arch is unsuitable as food for young infants, 
at any rate up to the age>of six months, the present 
position regarding the ^ale Af infants’ ffoods is unsatis- 
factory in view of the ease with which the public may 
be misled by printed statements. So, me of the pr.epara- 
fcions contain small amounts of diastase due to,^ the 
addition of a malted cereal ; but if, as is often the 
case, the directions for preparation include the use of 
boiling water, the didstase will be destroyed. In some 
of the preparations the starch has befn partly or wholly 
hydrolysed to maltose, malto-dextrin or dextrin by the 
action of diastase. Cane sugar, lactose or dried milk 
may be found in the stdrchy foods. 

The «Lnalysis of these preparations is by no means a 
simple matter, and if it is desired to jnake a thorough 
investigation of the subject, reference should be made 
to Mr. Julian Baker’s Report (footnote 2, p. 311). In 
svhat' follows, only I a few of the main points contained 
in this Report are given. , 

Starch , — ^For the detection of starch and determination 
pf tts origin, see p. 304. , If the preparation has been 
heated, the starch granules ^ be distorted as in bread. 
The method used by Mr. BakAr for the estimation of 
starch is given on p, 311. The taka diastase method 
m^ht also be used, but, as pentosans are absent or 
practically absent from the products under examination, 
there is no objection tOk the polarimetric method, pro- 
vided that allowance is made for the optical activity of 
the sugars present. (Seep, 312.) 

The analyses quoted in the re{x)il show a large pro- 
portion of ^^ples containing ftom about 60 to 70 per 
cent, of sta^. 'Such samples, would consist mainly or 
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entirely of flour. Wheat starch 'found in the 

majority of easel. Oat, lentil, banana, arrowroot and 
other starches were also foAi<f. 

Hydrolysed Starch (These, products (see 

above) were not determined dii^ctly, as no simple 
method is available, but they werejcalculated by differ-' 
ence from the specific gravity, reducing power and 
optical activity of the cold water extract of the sample, 
after other carbohydrates, proteins, etc., had been 
determined. (Seap. 395.) 

Water Extrads.-^litn grams of the sample were ex- 
tracted for 3 hours in 200 c.c. of distilled water at 
I 5 ’ 5 ® with frequent stirring. In cases where the fat 
exceeds 5 per cent., it is advised to use the fat free, 
material. The filtered extract was used for the^ estima- 
tion of sugars a^jd starch conversion products if present. 
For the purpose of calculating the amount of the latter, 
the soluble proteins were also determined. At the same 
time, the amount of matter soluble ip water at 35*^ under 
the same conditions was also detenpined. Differences 
in solubility were due either to th^ action of diastas* 
during the extraction at the^ higher teiftperature, »r to 
the fact that the preparation had been heated so as to 
render the starch soluble at this temperature. 'In the 
abibnee of diastase, as determined by the Lintner value, 
an idea could be formed as to the extent to which the 
starch had been altered by heat. Thus, if no differftace 
was observed, the preparation Jiad not been heated ; in 
many cases a difference of about i to 3 per cent, was 
observed, indicating that the starch had he^n sligMf 
altered by heating.. • 

Sttgars.— For the estimation of these, reference may 
be made to Chapter VJIL As mentfonl<f above, tfcey 
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were determfn^ in the filtered cold water ^extract. 
Lactose/* cane sugar and other reducihg sugars, as dex- 
trose, were determined. ‘ 'iiie last mentioned were re- 
turned in the absence of products of starch hydrolysis ; 
they include the sm^ll amounts of sugars natural to the 
flour (usually dextfose and Isevulose) in amounts^ under 
2 per cent. Cane sugar was found in amounts up to 
about 12 per cent. The presence of lactose would be’ 
an indication of the presence of dried milk, which would 
be confirmed by the composition of the preparation, 
especially as regards the percentages of proteins, ash 
and fat. On the other hand, lactose only may be added, 
in which case the figures just referred to would not be 
sensibly affected (see below). 

Othei Constituents. — Fat may be estimated, as in milk 
powder, by the Gottlieb method (p. 263). Moisture and 
Ash may also be estimated as described for milk powder 
(pp. 280 and 296J. Proteins may be estimated by the 
Kjeldahl-Gunning piethod (p. 26). As in the case of the 
fat, no distinction is made in respet to the origin of the 
•^.proteins, but* if tlje preparation has been made on a 
basis of flour, Hhe factor 6*25 should be used for con- 
verting nitrogen to proteins. Diastatic Power may be 
deterfliined by the method givpn on p. 357. 

A comparison of the compositions of dried milk'and 
wheat flour (pp. 295 and 320) will show the significance of 
th§ analytical res\flts in determining the general nature 
of a preparation. Thu^ unchanged flour may bfe taken 
as containing roughly 70 per cent., of starch. Hydro- 
^:ed staiv:h products are the main constituents of dried 
malt extract, but may also have b^n produced by the 
action of diastase on flour. Lactose is characteristic of 
n^k powder, *be!ng the only cwbohydrate contained in 
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the gentiine product. In deciding whith*er a product 
contains added laclose or mdk powder, account*may be 
taken of the facts that mlk* powder contains about 
twice as much protein mttter* aa wheat flour, ^bout 
twelve times as much mineral matter and (whole) milk 
powder about twenty-five times a| much fat. Oat 
flour^ however, is far richer in fat than wheat flour (cf. 
table, p. 318) ; thus Mr. Baker quotes an analysis of a 
preparation consisting entirely of oat flour, showing 7*8 
per-cent, of fat. Wheat and oat •flours contain about 

1 or 2 per cent, of^reducing sugars other than lactose, 
while small amounts of cane sugar, of the order of i or 

2 per cent., are found in these flours as well as in dried 
malt extract. Only larger amourtts will be due to added 
sugar in flour preparations. The diastatic value will 
give an idea as tq whether it can justly be claimed that 
the preparation is “ malted." 

Cocoa. 

As several methods aj^licable to the^inalysis of cocoa 
have already been described, a few words* may be said^ 
on this subject. 

Starch in cocoa has been treated of under Microscopic 
Examination and the TaUsbDiastase Method (pp. 306 and 
314) .• For Fat, see p. 115 ; for Nitrogen, see the Kjeldahl- 
Gunning method (p. 26) ; and for Fibre, see p. 328. 
Moisture and Ash may be determined on the same lines 
as in milk powder (see pp. 280 apd 296). Fibre, starch 
and ash should be determined on the fat free material. 
The Water SolublS Extract is determined by shafaflg up^ 
grains of the fat free inateri^ with 100 c.c. of cold water 
till no lumps remain, allowing to stand^ ovepight, and 
then filtering till a perfectly clear filtrate is obtained. 
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Fifty c.c. of the filtrate are evaporated, dried and 
weighed. . 

Among other methods used in the analysis of cocoa 
are those for the esttm'htiorf of the proportion of sheU to 
nib. In the microscopic examination the particles of 
shell are observed.as reddish brown particles of .varying 
size and shape which stain brightly on the addition of 
a small quantity of ruthenium red when mounted in 
lead acetate solution. With a good deal of practice a 
rough idea of the ambunt of shell present may be formed, 
but naturally this method is somev^hat uncertain. The 
subject is too complicated to be adequately discussed 
in a small space. For further information, reference 
may be made to the *recent publications of Baker and 
Hulton, and Knapp and M'Lellan,^ where the various 
methods available are dealt with. 

The results obtained by the above methods may vary 
greatly with different samples, owing chiefly to variations 
in the proportion* of shell to nib, and in the amount of 
fat left in the 'product in the^process of manufacture, 
as well as the addition of starch, etc. 

, 'As regards starch, oj^y such figures at have been 
obtained by the taka diastase method are reliable (see 
p, 313). By this method Revfs and Burnett found from 
8*0 to 14-5 per cent, of natural starch in the fat frfie dry 
nib, and none in the shell. Kdnig found an average of 
49 per cent, of fat in the nib bean, but the proportion 
in commercial cocoas is usually much lower. The per- 
centages of nitrogen and fibre, especially the latter, may 
^ve sbihe indication as to the propoVtion of shell (see 
footnote). The amount ot cold .water extract in the 
fat free material should be about 24 per cent., 
* ^ Analyst, 191^, 197, and 19x91 2 (including discusaon). 
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which figure will be rused or lowered according as 
soluble or insoluble matter has been added to th& cocoa. 

Feedinc^ Stuffs. 

Several methods have been described which are appli- 
cable to the analysis of feeding stuffy for cattle. These 
may be enumerated here. 

Moisture and Ash may be determined on the same lines 
as described on pp. 280 and 296. For the estimation 
of jFo/, see p. 115. * Proteins maybe determined by the 
Kjeldahl-Gunning method (see p. 26), using the factor 
6*25 for calculating the proteins from the nitrogen con- 
tent. For the determination of Crude Fibre, see p. 328. 
Starch is often estimated by a pdarimetric method (see 
p. 310), but it is probable that the taka diastase ntethod 
would be better. Other estimations are those of soluble 
and amide nitrogen, phosphoric acid and potash, for 
which other works may be consulted.* * 
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CHAPTER VIII 

THE SUGARS AND ALCOHOL 

Part I.-— The Sug^ars 
Introductory 

The sugars form a well-defined group of plant and 
animal products of great physiological importance. As 
the fundamental members of the carbohydrate group, 
they may be regarded as representing the simplest fecog- 
nisable group of stable products in the synthesis of the 
complex carbohj^rate material of plants which has its 
starting point in that remarkable iateraction between 
carbon dioxide and water in the prese^ice of chlorophyll 
and light, which is still^o imperfectly*un(Jerstood. It 
is in the form of sugars that the carbbhy^ate material 
is distributed through the vascular system of the plant ; 
temporarily, sugar may be comverted into starch or ©ther 
insolujble material such as ftit, and stored as reserve food 
material until such time as it n^^iy be required in other 
parts of the growing plant, or, in the case of seed au4 
tubers, ejtc., by the embryo plant. In animal nutrition 
the importance of the sugars if well known. In the 
digestive processes sifgar is formed by the hydrpl^is of 
the more complex carbohycjrates, notably sfardi, for 
assimilation by the organism. Milk sugar or lactose is 
an important and characteristic consti^uqpl of cow’s 
milk. It is also found in the milk of othdr mammals, but 
365 
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in soma milks other little investigated sugars have been 
found. Industrially, some Si the sugars are of importance 
as the source pf alcohol by |fer mentation with yeast. 

The great resemblance which many of 'the members 
of the sugar group bear to one another, and the subtle 
differences in chemical constitution which they display, 
render this branch of Analytical Chemistry at least a^ 
difficult as that dealing with the fatty oils and fats. 
The proper understanding of the ^ purely chemical** 
side of the subject is important at all times, but in the 
case of sugar analysis a thorough study of theoretical 
foundations is especially necessary if the analytical 
processes . are to be i understood, t.e., understood as 
far as^our present knowledge of the subject permits. 

In this chapter only some of the more well-known 
sugars will be dealt with, and in some cases the processes 
described are supplementary to proceSses described in 
other chapters, the determination of lactose in milk 
by one method, Jias already been described in Chapter 
VI., and the'dete^nation of ^ntoses, i.e., sugars con- 
taitiing five cal bon atoms in the molecule, in Chapter VII. 
It will be necessary to assume a knowledge of the 
chenfistry of sugars from text -books of Organic Chemistry 
or special works on sugars, though explanatory remarks 
will be offered in the bourse of the description of the 
plocesses in order to direct attention to certain points. 
The sugars dealt with^are aU hexoses, i,e,, sugars con- 
taining six carbon atoms in the mplecule or such as are 
-iiSolvablQ into hexoses by hydrolysis. • 

r 

Main Methods used in Sugar Analysis. 

Total Suij^qr ut Solution . — ^This may be determined by 
calculation firoih the specific* gravity of the solution, 
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provided* that any; extraneous matter vmcn may be 
present, such as proteins orjgtpnmy matter, has been 
removed. The specific gravity may be determined by 
the usual method^, using a ^knomiter, specific gravity 
bottle, Westphal balance (p. 50), or fpecial hydrometer. 
In practice some form of the last mentioned instrument 
V often used ; the Brix and the Balling saccharometers 
are graduated so as to give directly the percentages of 



Fig. 25.— Bale’s Saccharom^ter. • 


cane sugar at 17-5°. Bates* •brewer's saccharometer < 
gives the number of “ pounds per barrel " of extract in 
malt worts (see p. 352). For the present purpose, the 
specific gravity should be takeji at 15-5®. In sugar 
work the results are often stated as 1000 times thg 
specific gravity . Thus, a specific gravity of i *0389 would 
read 1038-9. The strengths of ourbohydrate solutions 
may be calculated iif grams per 100 c.c. by dviding^ 
the specific gravity at 15*5®, jvith reference toValer at 
the same temperature, 4 ess 1000, ejfpressed as explained 
above, by a solution factor which only vage^ slightly for 
the different carbohydrates, and which nlay be assumed* 
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to be 3*86 for U1 carbohydrates without gre&t error. 

Examples are given belo^. jThe method is most accurate 

when applied to solutions of loper cent. strength or under. 

Copper Reductiorf I^ethoi.---Th!^ reducing properties 
hown by most sugars is perhaps one of the best known 
ind least understated reactions in Organic Chemistry. 
The old aldehydic or ketonic formulae, which apparently, 
)rovided a simple explanation of this behaviour, cer- 
ainly fall far short of being a representation of the 
vhole truth regarding the constitution of the sugar^, as 
hr as structural formulae can be sdd to do this. For 
quantitative work, Fehling's alkaline tartrate copper 
iolution is the most generally used. The reduction of 
Fehling’s solution by sugars cannot be expressed by 
iefinile chemical equations, and its quantitative appli- 
:ations are based on empirical data. C^he solutions must 
36 prepared of definite strength from, pure chemicals, 
[nixed immediately before use, and the reduction must 
be carried out under standard conditions. The only 
common sug^r v^hich does not #^educe Fehling’s solution 
is cane sugay, of sucrose, a fact which is sometimes 
explained by saying that* this sugar, unlike the other 
common sugars, has no •* free carbonyl group in the 
fnolecule.” Cane sugar is a' disaccharide, and is easily 
hydrolysed by the actipn of dilute acids, or the enzyme 
invertase, into the monosaccharide hexoses, dextrose or 
dextro glucose and laevulose or dextro fructose. The 
resulting mixture, kncJwn as invert sugar, reduces Feh- 
Ijng’s sqfution, so that it is possib’ie to estimate sucrose 
in presence of other sugai;^ by the increase in reducing 
power after inversion. The polysaccharide dextrin, like 
starch, dot^not reduce Fehling’s solution, but gives rise 
\o reducing sugars on hydrolysis (cf. p. 381). 
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Two main methods are given for the determination 
of reducing power! («) Th€| cuprous oxide is collected 
and estimated by some gravimetric or volumetric pro- 
cess. (b) The sugar solution is \itfated With Fehling's 
solution. Of the various volumetric methods which 
have been projk)sed,from time to tim^, that given below 
is the^only one which can be recommended. 

The Polarimetic Method,— hs all sugars are optically 
active, the polarimeter plays an important part in their 
identification and -estimation. Irf many cases it is 
necessary to subjecj the solution to a process of clari- 
fication before the polarimetric reading can be taken ; 
see, for example, the method described for milk on 
p. 391. The particular method Employed depends on 
the nature of the solution and the sugars piesent. 
Animal charcoal ^nd basic lead acetate are very com- 
monly used, the exact methods being described below. 

A factor to be taken into account when dissolving 
solid sugars for polarimetric observation is mutarota- 
tion.^ Most sugars exi^t in two forms, designated a 
and jS, which have different optical ectivities, and on • 
dissolving in water a change t^kes place which resdts* 
in the formation of a defini^p equilibrium mixture be- 
tween the two fonns , Thechange is explained by mean* 
of th€ oxidic structural formulae for sugars, as being 
due to the interchange of positions of a hydrogen atom 
and a hydroxyl group. Ail figures used in sugar analysis 
apply to* the equilibrium mixture of constant rotation. 
Tlw change is compldted spontaneously on standing for^ 
about twelve hodrs, or more rapidly by bfiilillg tfie 
sdution for a few minutes or addii:^ a trace of ammonia. 

^ This pheuomeooQ was first studied systen^tically by E. F. 
Armstrong and Lowry, J.C.S.^ X903. 83, 1305? an% 1314 { 18991 
75 . ■ 

, A.U* 
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Various of polarimeter have been constructed 
for the •estimation of sucr<Be in industrial practice. A 
“normal weight*’ of the^ product, varying with the 
particular instrument «sed/tis dissolved in water and, 
after clarifying if necessary, made up to loo c.c, at 
20® C. The percentage of sucrose is read off from the 
scale divisions. Tlie figures used below are in angular 
degrees, but if any of the special instruments referrecf 
to is used, the scale divisions may be converted into 
angular degrees by a* special factor. , It is assumed fjiut 
sodium light is used. Readings are usually taken at 
20® C. and sometimes at 17*5® C. ^Attention must be 
paid to the calibration of the measuring flasks used so 
that the correct volunwi is obtained at the temperature 
employed. The “ Mohr c.c.” is based on the volume of 
water at 17*5®. Various other precaiitipns are mentioned 
in the actual description of the processes below. In the 
case of sucrose, the change of rotation on inversion (see 
above) may be made use of in estimating this sugar in 
the presence of jponosaccharides or a disaccharide, such 
. as lactose, which ,is not hydrolysed under certain con- 
ditions which secure the inversion of sucrose. In this 
* 

connection it may be explained that the term “ inver- 
sion ’ is specially applied to^ the case of sucrose, as a 
change of sign in optical rotation is involved owing to 
the strong laevo rotation of laevulose. The last mentioned 
sugar is sometimes referred to as dextro fructose although 
laevorotatory, for the reason that it is genetically related 
to dextro glucose or dextrose. Thetterm “ invert sugar ’’ 
L appUed.,to the products of the inveision of sucrose. 

Other Methods. m^ithod recently published by 
Willstatter and Schudel ^ for the estimation of dextrose 

^ c 

^Ber., 1^18/51, 780, abs. 1918, 37, 556 a. 
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hy mean^ of sodium hypoiodiU may prcjve’ useful, as it 
discriminates between aldoses on the one hand and 
sucrose and ketoses on the otltler. The latter group is 
not affected undgr the exjyrim^nt^ conditions. ’Dex- 
trose is oxidised to gluconic acid, and the amount of 
iodine used up in this process majf be estimated by 
titration. 

• Biological methods are often of great service in the 
analysis of mixtures. Chemically, the sugars often 
resqjnble one another to such a •degree that many 
analytical problems which may arise arc practically 
insoluble unless other methods of attack are sought. It 
is well known that optical activity as measured by the 
polarimeter reflects subtle differences in molecular 
structure, but biological methods often afford s^jarper 
distinctions in such cases. The selective action of yeasts 
on sugars has been successfully employed, the ferment- 
able sugar bein^ destroyed by conversion into carbon 
dioxide and alcohol, so that the remaiming non-ferment- 
able sugar can be dealt with by itself. F. Armstrong ^ 
has shown that the monosaccharides ^extrbse, laevulose 
(invert sugar) and mannose are fermentabl^by all yeasts. 
In the ,case of the disaccharides sucrose, lactose, maltose 
and melibiose, or the trisaccliaride rafiinose, no actior 
takes •place unless a yeast is employed which contains 
an enzyme capable of hydrolysirfg these sugars with the 
formation of monosaccharides. Thus, ordinary yeasf, 
Sacckaremyces cerevisiae, contain^ the enzyme invertase 
which hydrolyses sucrose but not other sugars, and 
maltase which similarly has a selective action oslnaltose. 
Here we find distinctions wMch cannot be obtained bj 
the use of acids as hydrolysing agents, thone^h it is true 
‘ Proc. Roy. Soc., 1905, 76 b, 6«o. 
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• . * 
that sucrose' njay be inverted by citric acic^ solution 

while lactose is left unal^red. Aif example is given 
below in which ordinary^ yeast is employed in the inver* 
sion hnd fermentalAon* of fiucrose iiv the presence of 
lactose. If the method is to be applied to a mixture 
of dextrose and ihaltose, it will be necessary 1;o select 
a yeast which contains no maltase, such as 5. marxianus, 
S. exigms or 5 . anomalus.^ In an enzyme action pure 
and simple an antiseptic is added (usually toluene) to 
exclude the action of micro-organisms (cf. p. 315) ; but, 
on the other hand, if it is desired to take advantage of 
the action of micro-organisms, the solution must contain 
no substances of an antiseptic nature, and must, more- 
over, not be too strong ; concentrations up to 10 per 
cent. ;may be used. Yeasts grow best at temperatures 
in the neighbourhood of 25® in neutral or faintly acid, 
but not alkaline, solution. Further details are men- * 
tioned below. 

Qualitative Testf^^Co]om reactions of the sugars will 
be found in maavy text-books on sugars and qualitative 
analysis. S<$me qf these are referred to below. Sugars 
, are sometime^ identified by the melting points of their 
osazones, which may be prepared by heating \ gram of 
^he sugar dissolved in 5 c.c. pf water with 2 to 3 c.c. of 
phenyl hydrazine and 3 c.c, of 50 per cent, acetit acid 
in boiling water for ten minutes to half an hour and 
‘ allowing to cool. Dextrose and lavuiose yield the same 
osazone. Sucrose yiqlds no osazone, and does not 
reduce Fehling's solution unless it has been previously 
■'inverted,* 

• 

^ Yeast lennentation 'methods are \lescribed by Davis and 
Daiah, Jourp. Agpc, SH,, 19x3, 5, 437 ; and Baker and Hulton, 
tinalyti, iQiof 35,* 5x2, 
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SiARCg Conversion ProdiTcts. 

I 

(. 4 ) Dextrose (by Feh^ing*s Solution). 

The simplest eitample of < starch eonvefsion product is 
that obtained from the process described onp. 309, in which 
the starch has been wholly converted into dextrose, except 
^he smallportion which has been destroyed by the hot acid. 

Volumetric Method . — ^The method to be described is 
that of Ling and Rendle.^ It is stated by Davis and 
Dailh to be prefer2d)le to the gravimetric process in all 
respects, being acgorate to within 0*3 per cent., as 
compared with 0:3 to 0*5 per cent, by the gravimetric 
method. It is more rapid, and has the advantage that 
it is standardised by the analyst himself. Like the 
gravimetric method, it requires some practice iiefore 
accurate results can be obtained. 

The following, solutions are required : Ferrous thio- 
cyanate indicator. One gram of ferrQus ammonium sul- 
phate and I gram of ammonium tlliocyanate are dis- 
solved in 10 c.c. of watqr, heating to about 45® to 50®, 
and cooling as soon as possible. Before us^ the brownish 
red colour, due to small amounts of ferric sdt, is removed 
by the addition of a traje of zinc diKt. After several 
reductions, the delicacy ‘of the solution as an indi- 
cator is impaired. Fehling*s sol,iition.— 6 g- 2 yS grams of 
crj’stallised copper sulphate are dissolved in water aq,d 
made up to i litre. 346 grams of Rochelle salt are dis- 
solved in hot water ; 142 grams ef pure caustic soda are 
dissolved separately fn water ; these two soluljons dje 
mixed and made up to i Utr^. Immediately Cefdre use, 
equal amounts of the copper and th^ alkaline tartrate solu- 
tions are accurately measured and mixed in a dry flask. 

* Anafyst*i9o$, 30, 182. 
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Ten (or 20) Lc. of the hiixed Febling’s solution are 
accurately measured into i 200 c.c. flask and raised to 
the boiling point. Th^ sugar solution, which should be 
adjusted so that 20 to 30 c.c. are required to reduce 
10 c.c. of the Fehlin^’s solution, is run in in small amounts 
commencing with 5 c.c., while the liquid in the 'flask is 
kept boiling so as to exclude the influence of atmo-* 
spheric oxygen, and shaken by a rotary motion after 
each addition. The /errous thiocyanate indicator is dis- 
tributed in drops on a wliite tile, and towards the en& of 
the titration a drop of the liquid in the flask is removed 
by a glass rod and mixed with a drop of the indicator. 
The end point is reached when, after boiling for ten 
seconds, no red coloration is produced, owing to the 
compfete reduction of the copper salt. ' The first titra- 
tion may only give approximate resdlts, and a second 
or third titration may be required. The process should 
occupy about two to three minutes. 

At the time of ^making the actual determination, the 
^Fehling’s solution is standardis 6 d against a solution of 
known strength of the pure sugar under similar con- 
" ditions. The method is a'pplicable to any of the reducing 
sugars. Thus it may be used for the estimation of maltose 
in malt extract, reducing sugar (as maltose) in jstout, 
invert sugar in molasses -(before and after inversion), etc. 

^Gravimetric Method . — ^The method. of Brown, Morris 
and Millar ^ is as follows : The Fehling’s solution is 
similar to that described under the pre\dous heading, 
except, tl\at 130 grams of pure caustic soda are used 
instead of 142 grams. The amount of sugar solution 
taken should be regulated so th^t from 0*15 to 0*35 
yam of co(J)pei^^(or the corresponding amount of copper 
*/.C.S., 1897, 'ixxi, 278. 
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oxide) i^weighed. ^ For to 30 c. a of a i per cent 

solution of the sugar will required, and the krengtl 
may be determined by a rough titration on the line 
described under fhe precedftig heading. 

Twenty-five c.c. of each of the li^hling solutions an 
accurately measured into a 200 c.c. beaker, and thi 
•mixture is diluted with hot, well-boiled water, so that 
after tjie addition of the sugar solution, the total volumi 
will be 100 c.c. The beaker is covered with a clocl 
gla^s and heated ift boiling water *for six minutes ; tb 
solution should rei^ain quite clear. The sugar solutioi 
is then added, and the heating continued for exact!] 
12 minutes, after which time the precipitated cuprou 
oxide must be filtered off as ra*J)idly as possible. Th 
solution should «till be blue, indicating excess ofeoppei 
To determine the copper as CuO, the precipitate i 
filtered off on a, Gooch crucible, waghed thoroughly wit 
hot water, then with alcohol and ether, and driec 
Ignition to convert the precipitate ^to CuO is accom 
pushed by placing the; Gooch cruciWe in an ordinar 
crucible and heating over a Bunsen fltime^ The asbestc 
used in the Gooch crucible should be boiled with 20* pe 
cent, caustic soda solution# (followed by washing wit 
watjr, dilute acid and Water), for otherwise an erpc 
may be introduced owing to, its partial solubility i 
the caustic Felding solution. To avoid this and othc 
errors, however, it is best to conduct a blank experimer 
with FehUng’s solution as in Ae actual test, omittin 
only the sugar, an(f to make a corresponding corrects 
in the amount of CuO weigjied. 

The copper may be determined by a variety of othe 
methods. Thus the cuprous oxide giay^be weighe 
direct if dried at a low heat in the watir oven, or it nfa 
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be filtered 0^ ip a special ;tube by suction, reduced to 
copper by heating in a current of hydrogen, and weighed 
as copper. Again, the cuprous oxide may be dissolved 
in dilute nitric acid, and <he copper determined by 
electrol3^ic deposition, or the cuprous oxide may be 
dissolved in ferric ^um solution, wWch is then titrated 
with standard potassium permanganate solution. , The^ 
latter methods eliminate errors owing to the carrying 
down of alkaline earths with the cuprous oxide. 

The following tabies may be used for finding •the 
amount of sugar corresponding to the^ copper precipitated 
according to the above directions : — 


Table for finding Amounts of Dextrose, and Invert 
Sugar, correspondiag to Given Weights of Copper, 
obtained by the Method of Brown, Morris and Millar. 


* 

Dextrose 

Grams. 

Copper 

Grams. 

Dextrose 

Grams. 

< 

Copper 

Grams. 

Invert 

Sugar 

Grams. 

Co^)er 

Gra^. 

« 

Invert 

Sugar 

Grams. 

Copper 

Grams. 

0050 

0-1030 

o*i 55 

0-3020 

0050 

0-0975 

0*155 

0-2915 

0*055 

0 -II 34 

o*-»6o 

0-3103 

o-o« 

01076 

0-160 

0-3002 

^ o*o6o 

0-1238* 

0-165 

0-3187 

o-o6o 

0-1176 

0x65 

0-3086 

0-065 

0-1342 

0-170 

0-3268 

0-065 

0-1275 

0-170 

0-3167 

, o-dyo 

0*1443 

0-175 

o- 33 fO 

0-070 

0*1373 

0-175 

0-3251 

0-075 

0*1543 

0-180 

0*3431 

0-075 

0-1468 

0-180 

0-3331 

o-oSot 

0-1644 

0-185 

0-3508*' 

0-980 

0-1566 

0-185 

0-34x0 

Q-085 

0-1740 

0190 

0-3590 

01085 

0-1662 

0190 

0*3490 

0-090 

0-1834 

0-195 

0-3668 

0-090 

0*1755 

0-195 

0*5570 

0-095 

0-1930 

0-200 

0*3745 

0-095 

0-1848 

0-200 

0-3650 

O-IOO 

0-2027 

0-205 

0-3822 

o-ioo 

0-1941 

0-205 

0-3726 

CK105 

0-2x23 

— 

— 

0-105 

0*2034 



O-lIO 

0-2218 

— 

— 

o-iio 

0*2128 



0 -II 5 

0-2313 

— 


0-115 

0*2220 



0-120 

0-2404 

— 

— 

0-120 

0-2311 



0-125 

o ;2496 

— 

— 

0-125 

0-2400 



d<^30 

•o-2«;85 

— 

— 

0-130 

0*2489 



0-135 

0-2675 

— 

— , 

0135* 

0*2578 



0-140 

0-2762 

— 

« — 

0*140 

0-2662 



0-145 

0*2850 

— 

— 

0*145 

0*2750 



0-150 

• 

o-29S\ 

«. — 


0*150 

» 

0-2832 




'‘'ft 
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Table ior Calculating ihe AMoui«rs*oF Maltose 
CORRESPONDING*TO VaRYInG AMOUNTS OF COPPER. 
(Method of Brown, Morris and Millar.) 



Factor for convertfhg CuO to Cu « 0^7989. 
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(6) Dextrose* and Maltose. 

These sugars are the s€»le^product of hydrolysis in the 
taka .diastase conversi^on ; their relative proportion 
depends on the time of acti!)n, the final product being 
dextrose. The preparation of the solution for. the 
determination of maltose and dextrose, in connection 
with the determination of starch by the taka diastase* 
method, is described on pp. 312 to 317. Knowing that 
maltose and dextrose are the only sugars present, their 
relative proportion may be determined by the optical 
activity and the reducing power of the inixture. To 
determine these, it is necessary to know the concen- 
tration of total sugar in the solution. 

The determination of sugar in solution by the specific 
gravitj^ is explained on p. 366 ; the solution factor for 
dextrose is 3-85, and that for maltos^ is 3*94, but for 
practical purposes tke factor 3*86 may be adopted with- 
out great error. A closer approximation may be got 
after the proportion of maltose to dextrose has been 
calculated frqm the other data tliis basis. The total 
solid matter m^iy b'e determined by evaporating a known 
Volume of the solution t (5 dryness, drying in the water 
oven ftnd weighing. The inorganic matter may then be 
determined as ash by incinerating in the usual manner 
and deducted from the total solids. 

.The reducing power may be determined as described 
on p. 373. Taking the reducing power {K) of dextrose 
as 100, the reducing fower of maltose is 62 ; these 
figires express the relative amoynts of copper 
reduced by equal amount® of the two sugars. The 
amount of copper osdde actually obtained is cal- 
culated as* ^ht percentage of the amount which 
wbuld be obtained if dextrose only were present. Let 
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this = it. Then Jhe percentage of maKose in the sugar 
{ioo--if)ioo - K 

mixture = — ; t — = . The percentage 

loq - 62 ^ (i-38 , ^ ® 

of dextrose i*s then found by. difference. 

The, optical activity, [a],^ is calculated by multiplying 
the observed angular rotation with sodium Hght by loo, 
and dividing by the concentration of the solution in 
grams* per loo c.c. and by the length of the tube in 
decimetres. For dextrose, [(i]„ =•+ 527°, and for mal- 
tose, [a]^ = + 138°. The percentages of the two sugars 
may then be calculated on the same lines as just de- 
scribed in the case of the reducing power. 

It is not possible to estimat<i maltose in presence of 
dextrose by measuring the change in optical rotation 
and reducing po^er after hydrolysis by acid, as is done 
in the case of sucrose, for some of the dextrose is de- 
stroyed by the* acid under the conditions necessary to 
secure the hydrolysis of maltose.^ Davis and Daish 
(footnote, p. 372) employ the biological method indi- 
cated on p. 372. Portfons of 50 c.c^of the solution ai^ 
fermented at 25® for three to four weeks ^vith fresh pure 
cultures of different yeasts, and the changes in opticd 
activity and reducing pb^^cr produced by the ferhienta- 
tionS are determined. The difference found between 
the average reducing power ‘after fermentation with 
baker's yeast, ahd the average reducing power fotfnd. 
after fermenting with the yeasts which do not attack 
maltose, is due to tke maltose present. For details, the 
paper referred to may be consisted. 

(C) Glucose or Stafeh Syrup, 

This is the product of the action dilute acid on 
starch or starch containing material. *It is largely u^d 
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as a substitute for sucrose 411 confectionery, auid occa- 
sionally 'for adulterating calie sugar, syrup, honey, etc. 
The solid ffrape sugar is produced by more complete 
hydrolysis and consists 'iargcfy of dextiose ; this is also 
used in confectionery and ih brewing. Starch syrup is 
a complicated mixture, varying in cpmposition accord- 
ing to the extent to which the process of hydrolysis, 
has been carried ; further, many of the constituents, 
notably the dextrins, malto-dextrins and the unferment- 
able matter (gallisin) produced by the action of acid on 
dextrose, are substances of which little is known from 
the chemical side. Wesener and Teller ^ give the com- 
position of commercial glucoses as follows : Water, 15 
to 20 per cent. ; proteins, about o*o6 per cent. ; mineral 
matter, traces. The carbohydrates consist of dextrins, 
maltose and dextrose, of which the two last mentioned 
are fermentable. In two samples and 17*2 per 
cent, of dextrose, ai^d 22*9 and 16*4 per cent, of maltose, 
were found, respects /ely. 

If the exact analysis of starcja syrup is difficult, its 
estimation as an adulterant in presence of other carbo- 
hydrate products is still more difficult. Sometimes the 
reducing sugar is calculated^as dextrose, which, in view 
of i the above figures, is obviously incorrect. Unless, 
however, a very lengthy and detailed examination is 
made, the results obtained will only be approximately 
correct. 

Water may be estimated by drying a few grams in a 
fiat dish in the water oven, and v^ghing the residue. 
Aslk may be determined in the usual manner on the 
dried residue, and Proteins by the Kjeldahl-Gunning 
method (p. ,26). Deducting the ash fix)m the total 
* JJ . E . C ,, 1916, 8, 1009. 
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solids f(jund in the water determination^ *the total organic 
matter, consisting* almost ejclnsively of carbohydrates, 
will be found. The total cafbohydrates may also be 
found with sufficient accpracy^by taking the specific 
gravity of a lo per cent. •solution of the syrup and 
applying the method of calculation Explained on p. 366. 

Dextrin, Maltose and Dextrose . — ^Assuming the organic 
matter to consist of these three carbohydrates, their 
percentages may be obtained approximately by the 
following method Thirty c.c. of a 30 per cent, solution 
of the syrup are poured into 300 c.c. of approximately 
95 per cent .‘alcohol (strong methylated spirit free from 
paraffin will serve) with stirring. On standing, the pre- 
cipitated dextrin will collect a^ gummy matter on the 
sides and bottom of the vessel. If necessary more 
alcohol may bemadded to obtain a clear separation. 
The alcoholic solution of the sugars is poured off, and 
the dextrin is ‘washed with alcoltol, dried to remove 
alcohol, and dissolved in water. Tl^ amount of dextrin 
can be found from th§ specific gravity of the solution, 
as explained on p. 366, ‘using the faejor 3*^5. A knowp 
amount of the solution may^ also be evaporated, .and 
the residue determined after drying to constant weight 
in the water oven. ThSjiextrin may also be estfmated 
polsftimetrically in the solution, the specific rotation 
[a]o being +200*. Sometimes* the solution may be too 
dark for measurement by sodium light. The liability 
of dextrin to be absorbed, if t]je solution is cleared by 
lead acetate, should be borne in mind (see p. 313). 
The solution 0# dextrin should not reduce Fehli^ig's 
solution. ^ * * 

Knowing the percentage of dextrin, the dextrose and 
maltose may be estimated by dif^nce, and th^ 
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. 

relative proportions determined by the reducing power 
as described on^p. 378^ dextrin being non-reducing. 

The results obtained by the above methods may be 
checked by determining th^^ specific rptation 5 of the 
carbohydrates in a solution of the syrup in which the 
total carbohydrates *T is known. If g = the percentage 
of dextrose, m that of maltose and d that of dextrin, 
then 

c 527 g:+ 200^^4- 138 w 

Owing, however, to experimental errors and our incom- 
plete knowledge of the composition of starch syrup, this 
relationship will only be found approximately correct. 

Grape Su^ar . — ^This product has been mentioned above 
as a product of the action of acid on starch (see p. 380). 
The products of complete hydrolysis which have been 
recrystallised approximate to pure dextrose in composi- 
tion, present fewer analytical difficulties than starch 
syrup, though in ^^iccurate work the reducing unfer- 
ment able product rf)f the action of the acid on dextrose, 
known as “ gallisin,” must be reckoned with. Leach 
g^ves the follo^^ng figures .,as representing the variations 
in composition of commercial grape sugar : Dextrin, 
0 — 9’i per cent. ; maltose, o-rl-8 per cent. ; dextrose, 
72 — 99*4 per cent. ; ash, 0-3 — 075 per cent. ; water, 
0*6 — 17*5 per cent. 


SrucROSE. 

This, tke. commonest of the sugars of commerce, is 
found in many plants, ^ut is almost exclusively obtained 
from the sugar cane and sugar beet. The sugar cane 
juice is obtained' Jjy a process of crushing. The beet is 
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sliced apd extracted with water, tljjj’JJrocess being 
arranged progressively so thjit fresh material is. treated 
with water already containing extract, while nearly 
exhausted material is treated viitlj fresh water. • Pro- 
teins and organic acids are removed from the juice by 
heating and nearly neutralising witfr milk of lime, and 
the raw sugar is ob*tained by crystallisation and centri- 
Ifuging. The refining process consists in heating the 
raw stlgar solution with such substances as lime, clay 
blo^d, animal charpoal, etc., and crystallisation. The 
mother liquors obtained from these processes arc known 
as molasses.. Cane* molasses consists chiefly of cane 
sugar, invert sugar and water, but beet molasses, 
which is unfit for human food, \% a much more complex 
mixture. 

The best granulated, loaf or castor sugars 0/ com- 
merce are generally 99-8 per cent, pure sucrose. Inferior 
grades may confain up to about 5 ^er cent, or more of 
water, 2 per cent, (or more, if veil/ poor quality) of 
reducing sugar as dextrose, and up to about 2 per cent, 
of ash. Small traces of tiltramarine or blue aniline dyes^ 
are added to counteract the yellow colouf so as to give 
a white appearance, while some sugars are coloured 
yellow so as to simulate <he 'original Demerara sugar. ^ 

Water may be determined by heating a few grams of 
the powdered sugar at 105® Ull constant in weight. 
Ash may be determined by moistening 5 grams of the 
sugar with pure concentrated sulphuric acid and igniting 
till the residue is white. One-tenth of the sulphated 
ash is deducted* to obtain the true ash. •Byes are 
detected as described in thtf follqjving chapter, p. 441. 
Reducing Sugar is determined as dextrose by the methods 
given on pp. 373 to 376. 
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Estimation of Sucrose (i) in Absence or other 

Sugars or in Preserce of Invert Sugar. 

• « 

Tha direct pqlarimetri^ method^ using polarimeters with 
ipecial “ sugar scales," ha% Wn referred to on p. 370. 
This method is, of«6ourse, only of use in the absence of 
lugars other than Sucrose. If th^ reading is taken in 
ingular degrees, the percentage of sucrose may be cal-* 
julated from its specific rotation, [a]^ using a 

CO per cent, solution at 20® C. 

Solutions of dark coloured sugars, treacles, syrups or 
mlasses must be clarified before they can.be observed 
in the polarimeter. Basic lead acetate is the most 
commonly used clearing agent. 

Walker ^ has devised the following modified method 
for clearing solutions of molasses so as to obviate the 
error due to the volume occupied by the precipitated 
lead when the sugar solution is made jp to a definite 
volume. A doubly, normal weight of the sample, 52 
grams (26 grams i^ the normal weight giving in 100 c.c. 
the percentage of sucrose on the scale of more recent 
type of Ventrke saccharimeter), is dissolved in water 
and made up to 300 c.c. The solution is transferred to 
a larger flask, and clarified' with 15 to 20 grams of dry 
basic lead acetate and a few grains of sand, and filtered 
through a dry filter. The volume of the solution is 
increased through the solution of the basic lead acetate, 
and the process has been so devised that the error due 
to this cause is practically balanced by the error due to 
the. volum,e of the lead phosphate precipitated in the 
next operation. To 75 c.c. -of the filtrate in a 100 c.c. 
flask are added 20 c.c. of a solution containing 100 grams 
' 1918. 10,198. 



The ‘Sugars and Alcohol* 385 

of phosi^oric add per litre, and the lijfuid is made up 
to 100 c.c. and filftred. If lecessary, the solution may 
be further decolorised by the ‘addition of 0*5 gram of 
zinc dust j ust before filtration. Th(i polarimetric reading 
is taken in a*4oo mm. tube f it will^be noticed that the 
dilutioi} is now equivalent to a normfi weight in 100 c.c. 
If the reading is taken in angular degrees, multiplication 
^y th*e factor 2-8889 will give Ventzke degrees for the 
above ‘normal weight, which correspond to the per- 
centage of sucrose.* For the older instruments of the 
same type, the normal weight is 26-068 grams, and the 
corresponding factor for converting angular degrees is 
2-8835. 

The method of direct polarimetric measurement is 
only reliable when applied to pure or fairly pui^ pro- 
ducts. If any nojable amount of invert sugar is present, 
as wiU be the case with the cruder products, Clerget*s 
process of deterihining the change in optical rotation after 
inversion should be applied. Walkeif^continues the pro- 
cess as follows : Another portion of 75^:10, of the filtrate 
from the basic lead acethte is treat ed,in a too c.c. fiask» 
with 2 c.c. of hydrochloric acid [concentrated acid dilutee^ 
with an equal volume of water) to neutralise the alka- 
linity. The mixture is hefe^eJ in a water bath to 65'^--7q‘ 
treated with 10 c.c. of the same hydrochloric acid as 
just used, taken out of the wafer bath and allowed to 
stand for 15 minfttes, after which it is cooled, made 
up to 100 C.C., treated with o- 5 ggram of zinc dust and 
filtered for polarimetric reading. The percentage of 

• {!>*- I) Hbo 

sucrose, 5 , is given by the* formula S *= 

, • 142-1 — 0-5* 

where D « the direct sugar scale reading, I ~ the read- 
ing after polarisation, anj^ t » the tem^ef^ture of the 
A.I.A. 25 
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solutions when ^both readings were taken. Kor the 
reason sthted below, it is adUdsable to take the readings 
in jacketed tubes through which water is kept circulating 
at a definite temperatuf^. r 

The Clerget formula is based on the fact that at 0® 
a sucrose solution, ^yhich gives a reading of 100 di'dsions 
to the right, gives, after inversion, a reading of 144 
divisions to the left. According to the International 
Commission methods, when the readings are taken at 
20® with a normal Weight of 26 grams, the constant 
142*66 is used in the above formula. Walker uses the 
constant 142*1. The specific rotations of alt sugars vary 
to some extent with the temperature but that of Igevu- 
( lose falls especially rapidly with rise of temperature. 
Hence ,the temperature correction in the formula, and 
the particular necessity for attention to this point when 
dealing with solutions containing laevulose. 

If readings are taken in angular degrees, conversion 
into sugar scale deg/ees may be made as described above, 
and the values thus found substituted in the Clerget 
formula. Difierent types of instrument require different 
normal weight^ the factors connecting scale degrees with 
angular degrees varying correspondingly. 

. Many methods of clarificat’dn have been proposed ; 
most of them involve the use of lead acetate, but do 
not correct for precipitafe volume as the one described. 
' Animal charcoal clarifies, but it should be avoided as 
it adsorbs sugars. 

The usual method of inverting by acid is to add 10 per 
cefit. by^'M^lume of hydrochloric acid; specific gravity 
I *188, to the sugar solution, to h^at to 69® in two to 
two and a half minutes, and to maintain the mixture at 
this temperature for seven to ^even and a half minutes, 
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the tot^ time of heating being ten minutes. In all 
cases the solution should ne freed from lead before 

j 

inversion. ^ 

Inversion by hydrochlonic aciU for thfi estimation of 
sucrose is only admissible when theinixture contains no 
other disaccharide than sucrose and jio polysaccharides, 
such, as dextrin or starch. The method is, however, 
applicable to mixtures of sucrose and invert sugar, such 
as occur in raw sugar, cane molasses, treacle or golden 
syrmp. The percentage of cane su^ar being known, the 
percentage of invent sugar can be calculated from the 
rotation of the solution before inversion, the specific 
rotation [aju of sucrose being -f bb*5°, and that of invert 
sugar being -20*5® at 15°. • 

Sucrose may also be estimated in presence of invert 
sugar by the chodtge in cupric reducing power after in- 
version, by the methods described on pp. 373 to 376. 
If the volumetric method of Ling an^ Rendle is used, a 
standard solution of invert sugar mp,y be prepared by 
inverting a solution containing a knowh ^rcentage of 
pure sucrose. The reduction, if anj^ before inversioif 
will be due to invert sugaj*, and the increase 'in* 
reduction after inversion w^l be due to invert ^ugar 
produced from the sucrose. The weight of the latte?, 
multij)lied by 0*95, will give^ the weight of cane 
sugar. 

Estimation of Sucrose (2^ in Presence of 
Starch Syrup. 

Such cases occur ^hen molassm of golden syrup are 
adulterated with starch syrup. In the frst j)lace, this 
problem is rendered difl^ult owing t (5 tBe uncertain 
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composition of sturch syrup, r Leach ^ gives the following 
formula !br the calculation of the 4)ercentage of glucose 
or starch syrup, provided that the amount of invert 
sugar is small.’ It is sfatedito give fairly^ satisfactory 
results with goldep* syrup*' and molasses, but better 
results with maplcc syrup, which contains less dnvert 
sugar. The formula is an empirical one, being leased ^ 
on the fact that the maximum rotation on the . 
sugar scale (Ventzke), shown by the glucose syrup 
commonly added, is *175. Under the circumstances it 
becomes necessary to resort to the yse of a formula of 
this kind unless a prolonged investigation is' made. 

If » the direct polarimetric reading, and 5 * the 
percentage of sucrose, •then the percentage of glucose 

» M - 5 ) 100 
syrup, G 


Here, again, conyersion from angul^ degrees into 
sugar scale degree^ may be made for the purposes of 
the formula, as described in the preceding section. The 
sucrose is dejerntined in the ysual way by inversion. 
It must be no^ed that the results for sucrose cannot fail 
to fie affected to some extent owing to the simultaneous 
action of the acid on the dextrin and maltose, and change 
irt optical activity due to these causes. In such cases 
it is better to employ th^ enzyme invertase for invefcion. 

Jnversion by Invertase.— Ihe enzyme may be prepared 
* by the method given in Allen's ** Commercial Organic 
dialysis ” by E. F. •^Armstrong. Brewer's yeast is 
allowed to liquefy by keeping it fof several days at 37®, 
and then Altered. The ei^yme is paAially purified by 
precipitation with alcdhol and rediasolvingin a minimum 
of water, ^he extract, which is firee from maltase, keeps 
» U.S. I>cpt, of Agric., Burwiu of Cbem., Boll. 65. 
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well in^osed vessels in th|dark, in paesence of a little 
toluene, which is used as ai! antiseptic. 

The solution may be cleared, if necessary, and freed 
from lead by the methods given (Jn p. *384. 75 c.c, of 
the filtrate are measured* into a»^ioo c.c. measuring 
flask, neutralised and rendered faintly acid with acetic 
, acid. A few drops of toluene and a few c.c. of the 
inver^ase extract are added, and the mixture is kept at 
about 50® for five hours. The volume is then com- 
plfted to 100 c.c. below the toluene layer, and the polari- 
metric reading is* taken. A.s invertase acts only on 
sucrose, the* change in rotation will be due to this sugar 
only. 

Qualitative Detection of Starch^yrup . — ^The presence of • 
starch syrup is indicated by a high initial dextrorotation 
while, if much starch syrup is present, the liquid may 
fail to becom^ laevorotatory aftej inversion. Dextrin 
may be precipitated by alcohol a^jd estimated as de- 
scribed on p. 381. Starch syrup may also be indicated * 
by the presence of notaJ)le amounts of calcium when the 
solution is tested with ammonium oxalate. 

Estimation of the Coi^^tituents in a MixfuRE 
OF Sucrose and Starch Syrups. 

The total carhoi^drates, and incidentally the water qpd 
ash, are determined as described on p. 378. The sucrose* 
having been determined by inversion with invertase, as 
described above, tHb rotation due to the insert sijgar 
and the starch syrup may, be calculated. Invert sugar 
may be approximaftely estimated by estimating the 
levulose by the change in rotation on rl§e o^emperature 
and assuming the presence of an ^qual amount ^f 
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f ' 

iextrose. This^nay be done by observing the» specific 
rotation** at two temperatures fairly ‘widely apart, the 
iecrease in the specific rotation of laevulose being 
5*6385 per degtee C.*ri^e. Tihe percentage, of laevulose, 

L « where D = the difference in polarimetric 

0*6385/./ 

readings in angular degrees, t == the difference between, 
the two temperatures, and I - the length of tl\e tube 
in decimetres. The method is not strictly accurate, for 
other sugars also show changes in optical activity ^th 
change in temperature, though not to so marked an 
extent as laevulose. Dextrin may be cstiniated by the 
alcohol precipitation method. The sucrose, dextrin and 
invert sugar having bd^n determined, the rotation due 
to the \naltose and the dextrose belonging to the starch syrup 
may be calculated ; this, together with the combined 
weights of these con«itituents obtained by difference, will 
enable the relative ^proportions of dextrose and maltose 
to be calculated (fur invert sugar, Md =: - 20*5 at 15®). 

Such method^'of calculation diave their limitations, 
for the last results bear the accumulated errors of the 
previous determinations. « A check can be obtained by 
the gipric reducing power^ which will be due to the 
invert sugar, dextrose and maltose, but even then, the 
gallisin (see p, 380) is Ipft out of account. Again, the 
composition of starch syrup may be even more complex 
than has been assumed. 

A step further would be to destroy the fermentable 
carbohydrates by means of ordinary yeast (cf. p. 371), 
leaving the dextrin (non-re^udng) ani the gallisin (re- 
ducing) to be determined in the fermented liquid. The 
estimation ^f n?altose by differential fermentation has 
tteen touched upon above (see «p. 372). 
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ESCIMATION of SuCRC^E (3) IN gRESENCE OF 

Lactose. 

• 

Such a mixture occurs in sweetened condensed milk. 
The estimation hf lactose #n orAniry milk by the cupric 
reduction method has beeh descrii^ed on p. 276. The 
Gayaux test for sucrose in milk is given on p. 293. 

. Elsdon ^ has reviewed the various tests for sucrose in 
presence of lactose, and gives preference to the Gayaux 
test in a modified form. 

^olarimetric Mithod for estimating Lactose and Sucrose 
in Milk . — ^The m^hod to be described may be used for 
the determination of lactose in ordinary milk ; if sucrose 
is present, it may be estimated by inversion .on the same 
lines as described under the pfeceding headings. Con-* 
densed milk will be assumed to have been diluted to 
about the same«Bpecific gravity as ordinary milk. 

To obtain ^ clear whey for ^olarimetric reading, 
Wiley’s acid mercuric nitrate is generally used. This is 
prepared by dissolving mercury in, twice its weight of 
nitric acid of specifk; gravity i- 4 »*and diluting the 
solution with an equal volume of "water. In order ^0 
correct for the volume of the precipitated fat an(f pao- 
teins, and the specific yavjty of the solution, Richmond 
and Bosely’s method * may conveniently be used. The 
scsJe reachngs in angular degrees can be read as per- 
centages of lactose (in the absence of sucrose) if to 
100 c.c. of milk are added, (a) a volume of water ih 
c.c. = one-tenth of the degre* of specific gravity (see 
p. 258) ; (b) a voUime of water in c.c. = the fat^ per- 
cent age multiplied by i*y ; (c) a volume* of water to 
reduce scale readings to percentages of lactose ; with 
a 200 mm. tube, and reading in angulag degrees, the 
» Analyst, 1918 , 292 . * Analyst, * 897 , 98 . 
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volume is io-85»c.c. ; (d) a c.c. of the acid mercuric 
nitrate Solution. The mixture is shaken and filtered 
through a dry filter and the polarimetric reading of the 
filtrate is takeil. Dilutions necessary <vhen using other 
tube lengths and other typtes of polarimeter are given 
in the paper refereed to, and in Richmond's Dairy 
Chemistry." 

If sucrose is present, the reading will be due ;to the 
combined effect of the lactose and sucrose. Inversion 
for the purpose of estimating sucrose" is best effectedfhy 
the use of invertase, the preparation of which is de- 
scribed on p. 388. Yeast may also be used.' Richmond 
gives the following directions : — 

25 c.c. of the filtrate from the acid mercuric nitrate 
treatment just described are placed in a flask, a drop or 
two of phenol phthalein added, and dilute caustic soda 
solution is run in tiU the liquid is neutral. The liquid 
is filtered into a 50 j.c. flask, and the precipitate washed 
with water until th§ filtrate measures about 45 c.c. 2 or 
3 c.c. of invertase%extract or a gram of yeast, previously 
rubbed up with a little water, together with a drop 
ef acetic acid and a few, drops of toluene are added, 
and the whole is made up tq 50 c.c. The flask is corked 
and allowed to stand at 55®* lor five hours. A little 
alumina cream is added and the whole made up to 55 c.c., 
filtered and examined in the polarimeter. The alumina 
‘cream is made by adding ammonia to a saturated 
solution of alum till slightly alkaline, and then more 
alum solution till the mixture i^ faintly acid; this 
clears the turbidity produced by the yeast. It will be 
noted that the toluene (as well as the high temperature 
employed) Ijindqjfs any fermenting action on the part of 
the yeast, buV not the action of the enzyme. Volumes 
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• • 

are taken beneath the toli^ne layer. • The reading is 
multiplied by 2*2* to allow" fm- dilution. The* Clerget 

100 {R -I) . - 

formula Rs « » - - -jgives tlie rotation Rs due to 

• 142*66 -0-5", 

<* 

the sucrose, wher§ R is the ongiyal rotation, I the 
^rotatjon after inversion multiplied by 2*2, and t the 
temperature at which both readings have been taken. 
If the dilution has been standardised by the above 
meihod so as to give direct readings of the percentage 
of lactose, then th^ percentage of sucrose may be calcu- 
lated by multiplying Rs by 66*5, the specific rotation of 
sucrose, and dividing by 52*5, the specific rotation of 
lactose. 

Inversion may also be effected by boiling with 2 per 
cent, citric acid which leaves the lactose unaffected (see 
p, 371). The proteins and fat of milk are precipitated 
by dilute citric acid, but difficulty *^s often experienced 
in prepaiing clear solutions by this method. 

If invert sugar or glucose should be ’present as well, 
the apparent figure found for lactose will be abnormal 
in proportion to the other irylk solids. *This will^sp 
show itself in a discrepancy^ between the total solids as 
estimated and as calcuCaied from the sum of tte^fat, 
protlins, ash, sucrose and apparent lactose. (See p. 283 
and p. 293.) In such a case* it will be necessary to 
ferment with ordinary yeast, which will destroy fhe* 
sucros^ and invert sugar, leaving the lactpse which can 
then be estimated.* The fermentation method is de- 
scribed in the following section, together witti*the cftric 
acid method of inversion. * # 

Cafbohydraies in Infants,* Foods , — ^The mjthods to be 
described were used by Qaker (footnote 2,*p. 311) in the 
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examination o( the cold .water extract frorib infants' 
foods (see p. 359). ’ 

For the estimation ‘of dissolved carbohydrates, see 
p. 366. Soluble proteins, if^^resent, can be determined 
ir^the residue obtained by ‘evaporating a known volume 
of the solution, by the Kjeldahl method (see pi 26). 

Reducing Sugars as Dextrose other than Lactose.-— f£h.es^ 
were determined by the volumetric method of Ling and 
Rendle given on p. 373. If lactose was present, the 
reduction due to it was found as described below, «^nd 
allowed for. The sugars in question were mostly dex- 
trose and laevulose, but as they were orily present in 
small amounts no great error was committed in returning 


them as dextrose. * 

Cane This was determined by the increase in 

cupric reduction after boiling with aitric acid. 2 per 
cent, of citric acid should be used, and the solution 
boiled for at lea^t 30 minutes. The increased re- 
duction is due to \nvert sugar, and the amount of invert 
sugar thus found multiplied by. 0*95 gives the sucrose, 
df more than 2 per cent, of sucrose was found, the 
,in^ertase method was us^id (see p. 388). 

Lactose. —The solution v^as boiled with 2 per cent, of 
citric acid to invert any sucrose and thus to facilitate 
its fermentation . It vfos then exactly neutralised, cooled 
and treated with a little cold water extract of a diastatic 
" malt (see p. 354), which secures the decomposition of 
malto dextrins. (Thei addition of diastase would be 
unnecessary in dealing with a milk product containing 
only suerbse and invert su^ar.) For Ho 3 per cent, of 
mixed sugars, half ai^gram of freshly washed brewer’s 
yeast was ^dde^ per 100 c.c., together with a little yeast 
water if the Elution was non-nitrogenous. The flask was 
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dosed \wth a cotton wool plug and kept for seventy-two 
hours at 27®. Aft*er clearing with a little alumifta cream 
(see p. 392), the solution was filtered, boiled, made up 
to a definite yoliftne and titrate<f wkh Fehling's solution. 
It was found in control experiments that the results 
were usually about 5 per cent, too Jow. On the other 
,han^ the malto dextrins were found to leave a small 
unfermented residue which reduces Fehling’s solution, 
the error amounting to from 3 or 4 per cent, of the 
ms^rial fermented. The error \^ould be proportional 
to the proportion hydrolysed starch products present. 

HydrolyseU Starch Products . — ^These were determined 
by deducting from the total carbohydrates the other 
soluble bodies which had been determined separately. 

Part II. 

Alcohoi? and Alcoholic Fermentation. 

Alcoholic fermentation is usually ;mderstood to con- 
sist essentially in the .decomposition* 6f certain mono- 
saccharides into carbon dioxide and alcohol, through the 
agency of micro-organisms, nptably yeasts. The quesr 
tion as to whether anyj>arjicular disaccharide or poly- 
saccharide will be fermented in this way, depends, first, 
on whether the organism contains an enzyme capable of 
hydrolysing it to monosaccharides, and, second, whether 
it contains an enzyme capable of fermenting the resulting* 
monosaccharide. In the case of ordinary English brewer’s 
yeast, Saccharomycls cerevisiae, botn conditions are 
fulfilled with respect to sucrose and maltoSe ; buf, as 
mentioned on p. 3^2, certain yoasts are known which 
contain no maltase, and consequently ^do yot fulfil ther 
first condition with respect to malto^, fUthough they 
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will ferment d^^xtrose. ^ain, starch is not directly 
fermentable by ordinary yeast, as this contains no 
diastase, but certain moulds, Amylomyces Rouxii and 
Mucors B. arid C. contain iboth diastase, and zjmiase, 
and are therefore^ Able to ‘‘convert starch into alcohol 
without previous saccharification by, diastase or mineral 
acids. This type of fermentation is employed in th^ 
amylo process, which is used on the continent, but 
has not been permitted in England for the somewhat 
inadequate reason That it does not lend itself to 
control by the existing excise ipethods. Starch is 
saccharified for the fermentation by yeast, either by the 
action of dilute mineral acid which converts it into 
dextrose (see p. 373), or by the action of the diastase of 
malt which converts it into dextrin and maltose. In 
the manufacture of beer and somet spirits, diastatic 
action precedes alcoholic fermentation ; the alcohol in 
wine is produced hy the direct fermentation of the sugar 
of the grape ; bfandy is the distillation product of 
fermented grape ^uice, whisky is generally derived from 
barley, and rum is- the fermentation product of molasses 
<or 'Sugar cane juice. Much potable spirit is, however, 
made by flavouring and (Jiluting alcohol prepared for 
the purpose. 

In addition to the inany industrial uses of alcohol, 
e,g, as a solvent for many substances and in chemical 
s5mthesis, the question as to its possible use as a source 
of power as a substitute for petrol has come to the front 
in recent years, ^ * 

Xlcohor is obtainable from a very* large variety of 
vegetable substances. ' Among the starchy raw materials 
which fum^h tjie bulk of the alcohol produced, may be 
mentioned pbtato, maize, grain and waste matter from 
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the manufacture of starch. Sugar jotftaining raw 
materials are beet* sugar cane and beet molasses, and 
various fruits and flowers ; in fhis connection, mention 
may be made c€ the In<Jj[an Mowra flowers {Bassia 
Latifolia), which are at present treated for the pro- 
duction of alcohol by primitive me^ods. In Sweden 
|Lnd IJorway, alcohol is obtained from the sugar con- 
tained in the sulphite lye, arising through the hydrolysis 
of part of the cellulose during the manufacture of wood 
pulp^ In a similar, way, alcohol can be produced from 
peat. 

As might be expected of the product of a vital process 
from naturally occurring substances, fermentation alcohol 
contains various bye products ; i^s value depends on its 
relative freedom from such products. ^ 

Estimation of Alcohol — If carbon dioxide is present, 
this is first removed by repeatedly pouring the liquid 
from one vessef to another, or b}^ filtration, and the 
sample is made up to loo c.c., or, if necessary, to a larger 
definite volume, with djstilled water. ,ioo c.c. are then 
distilled from a flask of* convenient sjze connected wit|j 
a straight tube condenser, until 8o c.c. oftlistillate have 
been collected. The distillate is made up to loo c.c. 
with distilled water, and^its specific gravity deteAiin^d 
at 6o* F. by means of the pyknometer or specific gravity 
bottle.^ Reference to the accoinpanying tables will show 
the percentage of alcohol in the distillate. In order T:o. 
calcnlafe the percentage of absolute alcohol in the sample 
before distillation, k^will be necessary fo kno\f either its 

specific gravity *id volume or its weight, and* likewise, 

• 

‘For a description W the exact Setennination of specific 
gravities of liquids, see Allen's " Commcrdal^ayrsis," Vol. I., 
pp. 5 and 6, igoq^edition. . 
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also, the ^cific gravity and yolume or tjie weight of the 
distillate. 

Then 

Sp. gr, of distillate % vol. of in c?C. ^ % c4 al cohol ifi dist. 

Sp. ^r. of sample x V 9 I. of sample in c.c. 

= Percentage of absolute alcohol weight contained 
in the sample, or 

Weight of dist. x % of alcohol in dist. 

Weight ot sample taken 

= Parcentage of absolute alcohol by weight contained 
in the sample. loo j)arts of alcohol correspond to 169-2 
parts of starch. 

The above method for estimating alcohol is commonly 
applied to beers, wines and spirits. It is used largely 
for the determination of the “ original gravity ” of 
fermented worts, the specific gravity of the wort 
before fermentation, for excise purposes. The “ original 
gravity apparatus ” consists essentfelly of a distilling 
flask connected to a vertically placed spiral condenser, 
of certain dimensions by determining the specific 
gravities of the still residue and the distillate, both# 
diluted to the original volume ojthe sampll, it is possible* 
to calculate the number of “ degrees of specific gravity " 
lost by the wort during fdtjnentation. 

In Qetermining the alcohol in beer, 100 c.c. of the 
sample may be distilled till 80* c.c. of distillate have 
been collected. Spirits containing about 50 per cent, or 
more of tdcohol should be dilutedjjefore distilling ; thus, 
50 c.c. of the sample* may be diluted Vith 100 c.c. of 
distilled water, and distilled until the distillate Aeasufes 
100 c.c. 

The further examination of spirits includes the deter- 
mination of minute amounts of esters, alSeliydes, higher 
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alcohols, fusel oil, furfural ; an addity, volatile apd fixed. 
Wines are also examined ftr extract, sugar, ash, fixed 
and volatile acids, etc., and beers for extract, ash, 
acidity, etc. The exa.nination for artificial colouring 
matters and preservatives is dealt with in the next 
chapter. For further information on the examination 
of these products, the works on Food Analysis men- 
tioned at the end of this chapter, and Chapters VII. and 
IX., may be consulted. 


Impurities of Raw Spirit. 

The chief impurities are fusel oil, i,e. the normal 
and iso propyl, butyl and amyl alcohols, acetaldehyde 
furfurd, acids and ethyl esters. Certain substances 
giving rise to characteristic tastes ^nd aromas, but 
which are very difficult to identify chemically, may also 
be present ; their nature depends on the raw material 
and the method ‘‘of manufacture ; mostly they are 
unpleasant, espepially those in alcohol made from 
V^t molasses, peat and wood. Artificial- flavouring 
masters are liirgely added to potable spirits to simu- 
late the characteristic flavours which originally arose 
naturklly from certain raw nvEiterials treated by certain 
methods. 

The chief methods for the purification of spirit are 
fractional distillation and filtration over charcoal. In 
the rectification by m<^em methods, the fusel oil and 
furfural are rem^ed, and the production of esters from 
the alcohol and adds during this process is avoided by 
the addition of alkal^. Aldehyde can be removed by 
warming the 40 per cent, spirit to about 50® to 60® and 
{passing a ctirrefit of air over the surfiwje. 
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• • 

In thg valuation of raw or rectified spirit, the tasU 

and smell are imp«)rtant, anh proper judgment on these 
points can only be given by experts on the subject. It 
is often possible* to trace^defe<Jts Jn raw materfcds on 
methods of Aianufacture to.their ojigin by the taste of 
the product. Tbe same also appliel to such materials 
as oils and fats, milk and dairy products (see p. in). 

* In ‘addition to having a taste and smell which may be 
described as neutral, a good rectified spirit should be 
colQj^fless, and give a clear colowless mixture on the addition 
of water, 

Aldehydesj^To A c.c. of the spirit is added i c.c. of 
a freshly made lo per cent, solution of the purest meta- 
phenylene diamine hydrochloride in distilled water. 
After ten minutes the colour is observed, and coi^ipared 
with the colours^ produced under exactly similar con- 
ditions with solutions of known aldehyde content which 
have been prepA'ed from pure aldehyde ammonia. 

Good rectified spirit should show rfo aldehyde or only 
minute traces ; raw spirit may con1;^n up to about 
I ’5 grams of aldehyde a^ acetaldehyd§ per litre. , 

Furfural.— Tins maybe estimated coloAmetricalljib}^ 
the reaction given on p. 332.* To 10 c.c. of the spirit 
are added i c.c. of pure aicetiS acid (see p. 127) ancTi c.^. 
of freshly distilled pure aniline. The colour is observed 
after five minutes and compared with the colours pro- 
duced by solutions of furfural of known strength, undfir . 
exactly isirailar conditions. ^ 

Good rectified and jaw spirits should^show no furfural 
or only minute traces. 

Free Acii.— This may be detemyned by titration with 
twentieth normal sodium hydroxide solution, using 
phenol phthalein as indicator. 

A.I.A, * 26 
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Good rectified spirit should only require at \he most 
about 0‘C c.c. of alkali soluAon calculated as decinormal 
for neutralisation per io6 c.c. Raw spirit may require 
considterably larger apicrants.^ < 

Fusel Oil. — Komarowsky'is reaction for the detection 
of fusel oil is as fallows : To lo c.c. ^of the spirit are 
added i c.c. of a i per cent, solution of the purest sali- 
cylaldehyde in pur^ alcohol ; 20 c.c. of pure sulphuric 
acid are then added carefully, and the whole is ihixed ; 
after twelve hours, the colour is observed. 

Pure spirit gives only a bright yellow colour, while 
spirit containing up to about i or 2 per osnt. of fusel 
oil gives a red to dark red colour. This test may also 
be made quantitative ojn the same lines as described for 
the preceding tests. 

To carry out the above colour test^, pure chemicals 
are required, and it is advisable to make blank tests 
with alcohol of known purity. 

Esters . — ^These aVe determined by boiling with a 
known volume of 'twentieth normal sodium hydroxide 
lender conditions precluding thfe absorption of carbon 
dioxide from the air, and the amount of alkali used up 
in the saponification of' the esters is determined by 
titratibn, allowance being‘ made for the amount of 
alkali used up in neutralising the free acid. The asters 
are calculated as ethyl' acetate. The process is com- 
, parable with the determination of the* saponification or 
ester value of fats (see p. 131). 

In whisky or brandy the above ^impurities are deter- 
mked or ^.he distilled sample, and cgdculated as parts 
per 100,000 of absolute alcohol present. The distillate 
on which the tests are made is adjusted to contain 50 per 
cent, of all^qhc^ It is necessary to use an efficient 
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condensgr as some of the products to ]pe estimated are 
very volatile. 
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CHAPTER IX 


PRESERVATIVES AND ARTIFICIAL COLOURING MATTERS IN 
• FOODS 

Part I.--Preservat,tves 
Introductory 

All foodstuffs are liable to decomposition and decay 
through the agency of micro-organisms, and if they are 
to be kept for any length of time in a state fit for human 
consumption, it is sometimes necessary to adopt some 
means for their preservation, by which the micro- 
organisms which tjiey contain may either be destroyed 
or temporarily fendered sufficiently inactive to prevent 
them from appreciably affecting the food. 

' The methoQ of heat sterilisation and subsequent pre- 
servation in hermetically (jiosed vessels, as practised in 
the canning industry, has fop its object the destruction 
of the micro-organisms by heat (see Chapter VI.") and 
ttfe protection of the food from frirther contamination 
' until it reaches the consumer. Prekrvation by cold 
storage is based on the frict that micro-organisms' become 
inactive at low temperatures, while the treatment of.the 
food with*’ wood smoke, salt, sugar or‘ other substances 
has a similar effect,* i,e,, the temporary checking of 
the activity of, the micro-organisms, without, however, 
destroying tfieirf. 

404 
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Heat tterilisation, if effiae^tly carried out, is naturally 
more thorough in Its effects than the other methods just 
mentioned, though it has a real disadvantage when 
applied to njany* foodstuffs owing to the* partial 3ecom* 
position suffered by proteifls and a^bohydrates under 
the influence of heat. (See Chapter VL, the Heat 
.Sterilisation and .Pasteurising of Milk, also Condensed 
Milk.). 

In cases when, for this and other reasons, the food 
cailhot be completely sterilised bj^ heal, recourse may 
also be had to c^ld storage and sometimes also the 
addition of preservatives. Cold storage and addition of 
preservatives may also be practised simultaneously. 
The merits and disadvantages of the latter method will 
be discussed below ; it may, however, be pointed out 
here that, generally speaking, it would probably be in 
the best interest of the consifmer if the method of cold 
storage were employed in preferenij to the addition of 
preservatives, wherever possible. 

In the present chapter we are cwicerned with the 
method of preserving by the addition of certain chemicate 
with the object of inhibiting th^ growth and development 
of micro-organisms in the fgod ; among the sub^tahees 
which have been used in this capacity, the following may 
be mentioned : Common salt^ boric acid and borax, 
sodium fluoride, sulphites and sulphurous acid, benzoic 
acid and benzoates, salicylic acid and salicylates, 
formaldehyde, ^ naphthol, abrastol or asaprol (the 
calcium sdt of p nlphthol sulphonic acid),- hydrogen 
peroxide, saccharin, formic .add and format^, nitrates 
and nitrites. As regards the advisability of permitting 
such substances to be added to fqpds,^ two main 
questions come into consideration : — * 
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Firstly, the question as< to whether the stibstance 
added is 'injurious to healfh, even in minute proportions, 
or has an undesirable effect on the food with which it 
homes into contact, rfnd if not, the maximum proportion 
in which it can be /idded without prejudice to the pur- 
chaser. While the use of such a preservative as common 
salt has long been recognised and sanctioned in all* 
countries, considerable diversity of opinion stilly exists 
as to the advisability of permitting the use of certain 
preservatives, such as borax, boric acid or benzoic ^Lcid 
in small quantities ; other preservatii^es, such as sodium 
fluoride and formaldehyde, are generally looked on as 
distinctly injurious to health. 

Secondly, there is tile question as to whether, with 
proper* organisation, care and cleanliness, it is possible 
to supply a given article of food to the consumer in a 
fresh and pure state, without the addition of preserva- 
tives. If this be the case, then the use of preservatives 
must obviously be looked on as decidedly objectionable, 
as it may oi);en be practised m order to temporarily 
ihask uncleanijinesS in treatment. This point will be 
farther discussed below, in dealing with the subject of 
preservatives in milk. c , 

'The law of the United Kirigdom does not defujitely 
prohibit the use of any given substance as a preservative 
for foods, nor does it actually set any 4efinite limit as to 
the proportion in which any given preservative may be 
used. 

^ctioq j of the Sale of Foods and Drugs Act of 1875 
provides that No person ,shall mix, colour, stain, or 
powder . . . any arti 61 e of food with any ingredient or 
material so<as ho render the article injurious to health, 

. . under a penalty in each* case not exceeding fifty 
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pounds*for the first offence^; every offgnce, after convic- 
tion for a first offence, shall be a misdemetftiour, for 
which the person, pn conviction, shall be imprisoned for 
a period not exceeding sij monfhsi*with^ard labour." • 

Very few prosecutions hsfve beerwinstituted under this 
section, and practically all prosecytions are instituted 
undyr section 6 of the same Act, which is to the following 
efiect^: — 

" No persons shall sell to the prejudice of the purchaser 
arty article of food'or any drug whfch is not of the nature, 
substance, and qrydity of the article demanded by such 
purchaser, 'under a penalty of twenty pounds. . . 
Exceptions are made in the case of foreign matter not 
injurious to health, necessarily «or unavoidably added iui 
the preparation of the food or drug, and not with the 
object of fi-audilently increasing its bulk or weight, or 
concealing its inferior quality ; also in the case of pro- 
prietary or patent medicines, suppfied in a state required 
by the specification of the patent. ^ * 

The purchaser is not held to be piTsjudiced if notice 
was given him at the time of the sale tliat the artitle 
sold was not of the nature, sybstance and quality tf the 
article demanded ; on the pther hand, in order to show 
that the article was sold to the prejudice of the pur- 
chaser, it is not necessary to show that he has sustained 
actual prejudice or damage. 

Questions as to whether the purchaser shall be held 
to have been prejudiced by *he addition of material 
injurious to health to the article supplied, or otherwise, 
are usuaily decided with reference to the dpmion? and 
recommendations of the Medicai Officers of Health and 
other experts. No further legislation Jias Resulted from 
such recommendations except the Ptfblift Health (Milk 
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and Cream) Regulations o) 1912, referred below 
under the heading of Preservatives in Milk; Cream, 
Butter and Margarine, and the Ministry of Food order 
prohibiting the* addition of qplouring faatt^er or water 
to milk, not sold for consuhiption on the premises of 
the seller. This matter will be mote fully dealt with 
below, under the various headings. 

In the United States the law forbids the sale of food 
containing poisonous or deleterious substances which 
may render the food injurious to health, but does liot 
definitely prohibit or limit the use of any given preserva- 
tive. Some preservatives, such as boric and salicylic 
adds, and formaldehyde, are, however, held to be in- 
t jurious to health, and prosecutions have been success- 
fully maintained against them ; the matter is at present 
under investigation. 

In France, Germany, Austria-Hungai^ and Holland, 
the law is, generally sj)eaking, more explicit and stringent 
fwith regard to the jise of preservatives ; either certain 
preservatives maj^«-be totally prohibited, or the use of 
preservatives in certain foods may be forbidden. 

Preservatives in Milk, Cream, Butter and 
Margarine. 

The provisions of the Public Health (Milk and Cream) 
Relations of 1912 are, briefly, as follows : The addition 
of preservative substanct of any kind to milk intended 
for sale for human consumption is al:feolutely prohibited ; 
also the said, or offering, exp^ng or keeping for sale, of 
milk containing any preservative. • 

The addition o^preservatives to cream which contains 
lesji than 35 pir cent, of fat is prohibited, and the only 
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preservatives which may be added to (ieam which con- 
tains more than 35 per cent. <jf fat are boric &id and 
borax, or mixtures, of these, and hydrogen peroxide. 
Cream containing preservative mdst be described as* 

Preserved Cream,” on a label on thp vessel in which it 
is sold,' and in all advertisements, price lists, etc., used 
in connection with its sale ; if it contains boric acid or 
borax, .the amount of these substances, calculated as 
boric acid (HjBOj) must be accurately stated on the 
labd^ as not exceedihg a certain limit. 

The main reasons why preservatives should be ex- 
cluded from milk are stated in the circular letter of the 
Local Government Board, dated July nth, 1906, as 
follows ; ” Under the influence 6f these preservatives,^ 
milk may be exposed without sensible injury to con- 
ditions which would otherwise render it unsaleable. It 
may remain sw^et to taste and smell, and yet have 
incorporated disease germs of varioJjg kind, whereof the 
activity may be suspended for a tim^ by the action of 
the preservative, but n^fiy be resumed *ag^n after the 
milk has been digested. The Committee^ after hearing 
evidence from milk traders, concluded that the addifioif 
of preservatives to milk i§ not necessary for the purposes 
of the^ milk trade . . . and the Committee recommended 
that no preservatives should Ije added to milk’.” A’ 
further important^reason for the above recommendatiqp 
was the fact that milk is largely consumed by children 
and invalids, i.e,, individuals wfco woyld be especially 
susceptible JLo the^harinful influence of any preservative. 

The addition of preservatives to milk is prohibited in 
most other countries.* 

‘The evidence on which these observatiom wefe based was 
chiefly in connection with boeic acid and fornmldShyde. 



410 InTdlistrial O^anic Analysis 

With regartt |o cream, no definite limit haabeen set 
on the amount of boric acid which may be used for its 
preservation. In his report to the, Local Government 
Board on the 'Use of feser^atives in 'Cream, 1909, Dr. 
J. M. Hamill recommended that the maximum amount 
of boric acid (HaBQj) should be 0-4 .per cent, from May 
to October, inclusive, and 0*25 per cent, during the rest 
of the year ; for the present, however, it is ppbable 
that prosecution under the Sale of Foods and Drugs Act 
would not succeed for less than 0*5 per cent, of llrt)ric 
acid. In the report mentioned aboye, it is pointed out 
that as cream is used to a considerable extent as food 
for children and invalids, individuals specially sensitive 
to boric acid, the dedaration of the presence of this 
substance should be made obligatory, in order that it 
may be avoided by those who object to it. 

In France and most of the United States of America, 
the use of preservatives in cream is prohibited by law ; 
in Germany, perspns selling preserved cream are liable 
to proceedings' ^oinder the Nahrungsmittelgesetz of 
5879. r 

* As regards tutter and margarine, it was recommended 
in thf* circular letter of the Local Government Board 
referred to above, that the orJy preservative allowed in 
these foods should be boric acid or borax, in proportions 
not exceeding 0*5 per cent., expressed as H3BO3. It is 
probable that for the purposes of the Sale of Foods and 
Dtugs Act, the limit would be placed at 0*5 per cent, of 
boric acid ; thus, a prosecution fof 51 grains per pound ^ 
of Soric acid in margarine succeeded, while a conviction 
for 25 grains per pound of boric acid in butter was 
quashed at the Quarter Sessions. It is, however, doubtful 

if e 

* 35 gnuns per pound = 0'5 per cent 
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whether* the use ot any preservative ^ther than boric 
acid (or salt) would, in itself, bj considered an o*ffence. 

In Germany, Hplland, and some other countries, 
preservative^ ex?:epl salt,#are proltibitecf in butter an(^ 
margarine. 

Before starting on the descriptiorbof the methods for 
Ahe detection of preservatives in milk, cream, butter and 
margayine, it may be mentioned that milk is rarely 
treated with preservatives ; formaldehyde is the pre- 
ser^tive which ha5 most commonly been found in milk ; 
this and boric acid ^ire the only preservatives which need 
be looked for in routine practice. On account of the 
importance of excluding preservatives from milk, how- 
ever, methods for detecting mo^ of the commoner pre- 
servatives in this article of food are given below. • 

Sodium CarhoMte or Bicarbonate in Milk . — ^These sub- 
stances have n^ antiseptic action, but would be added 
in order to neutralise the lactic a^d produced in the 
souring of the milk (see Chapter VI.), iind thus to prevent 
coagulation. The growjh of the bactetia i^ not impeded. 

According to Pad6, the ash of 10 e.c. ^f genuine milk 
should require only i drop# of decinormal acid* for 
neutralisation (indicator methyl orange) ; if an. alkali 
carbonate has been add^, more acid will be required 
for neutralisation of the ash. 

The estimation of added carbonate by this methpd 
may be interfered with owing to the conversion of some' 
of the carbonate to phosphate iuring^the incineration ; 
in order to allow for this, it is recommended that the 
soluble phosphate should J)e determined in the ash, 
recUculated to sodium carbonafe, and added to the 
amount of carbonate already found by tiijration. 

Soxhlet and Scheibe estimate the carlJon^dioxide in the 
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ash of the miik they state\hat ash from gensine milk 
should ifot yield over 2 per cent, of carbon dioxide. 

A test sometimes used is the ro^olic acid test. To 
•about 10 c.c. 6f milk axe ad^ed an eqhal volume of 95 ' 
per cent, alcohol, and two br three drops of a solution 
of rosolic acid made by dissolving p*i gram of-rosolic 
acid in 2*5 c.c. of alcohol and diluting to 100 c.c.. with, 
water. A rose pink coloration indicates the presence of 
sodium carbonate. 

Milk from cows with diseased udder often has«‘an 
abnormally low acidity ; for the detection of udder 
disease, Hoyberg recommends Hilger's test, which con- 
sists in adding to 5 c.c. of milk half a c.c. of a i per cent, 
solution of rosolic acid‘in 96 per cent, alcohol. If the 
reactioa is normal, an orange colour is obtained ; if 
alkaline, the mixture becomes red. 

Sodium carbonate has been known to have been added 
to milk in the prop95tion of i part of the anhydrous salt 
per litre. 

Detection of Boiic Acid [or Borax), (a) In Milk or 
Cream . — ^Boric acid or borates may be detected by means 
cf the characteristic reaction with turmeric. The test 
is very conveniently carried out in the form recom- 
nrended by Bolton and Revis :• About i c.c. of the milk 
is placed in a flat dish and well mixed with a drop of 
strong hydrochloric acid, and then with a drop of a 
'saturated alcoholic solution of turmeric. The mixture 
is Evaporated to dryneaj on the water bath ; when the 
residue is dry, boric acid, if present, will give rise to a 
salrnon piiik colour, as little as 0*02 per cent, being 
detectable. 

(6) In BiiUer pr Margarine . — ^Boric acid may be de- 
tected by exJunining, as described above, the aqueous 



Preservatives 413 

serum T^Jiich collects benedth the &t wMn the butter 
or margarine is mfilted and allowed to stand in* a cylin- 
drical vessel at about 6o° for.aA hour or two. 

The EstimaiiotP of Boric Acid.* («) In Milk or Cream.^ 
—The most generally used method {or the estimation of 
boric acid depends on the fact that while free boric acid 
^oes not react acid towards phenol phthalein, it forms 
compounds, usually looked on as condensation products, 
with polyhydric alcohols, such as glycerol and mannitol, 
whith can be titrated with caustio soda solution in the 
presence of phenol phthalein. Under these circum- 
stances, boric aci^ (HgBOj) behaves, in effect, as a 
monobasic acid. 

The most convenient method pt estimating boric acid 
in milk or cream is that of Richmond and Miller : To 
10 c.c. of the mUk or lo grams of cream is added half 
its volume of a half per cent, solution of phenol phthalein 
in alcohol ; decinormal caustic so(|pi solution is run in 
till a pink colour appears, when ^ife mixture is boiled 
and titrated back with decinormal acid till white, and 
then with decinormal cdustic soda tm ver^ faintly pin)^. 
Glycerol is then added in amount sufi&ciAit to makp up 
30 per cent, of the total volume, and the titration with 
decinormal alkali is continued without further hlatin^. 
The tiumber of c.c. of decinormal alkali used in the last 
titration, less the blank value for the glycerol, multiplied 
by 0-0062, gives !he boric acid as HjBOj. 

(b) In BiUter and Margarine.'^ht following method, 
which is based on the same principle# as the preceding 
one, is coiiVenieift and rapid. 25 or 50 gram# are milted 
and heated in a flasj: with 25 or fo c.c., respectively, of 
a wMion containing o*i per cent, of concentrated sul- 
phuric add and 5 per c^nt. of sodium s«fphate. The 
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mixture shaken from tir|e to time and heated in a 
boiling water baJlh until the curd is seen to have been 
coagulated. When the * fat and water layers have 
separated, the Jatter is, blown off by pieans of a wash 
tottle arrangement through^ £ dry filter. To 20 c.c. of 
the filtrate is adde(f a drop of methyl orange solution, 
and the liquid is neutralised by running in decinormal 
caustic soda, or, if preferred, a slight excess of soda! may* 
be added, and the adjustment made by running in 
decinormal sulphuric ^acid. 2 to 3 c.c. of half per c^nt. 
phenol phthalein are added together with one-third the 
total volume of glycerol or 1*5 graifi of mannitol, and 
the liquid is titrated with decinormal caustic soda till a 
faint pink colour is obtained. The number of c.c. of 
soda solution used in Ae final titration, multiplied by 
0‘0355, "gives the percentage of boric acid in the sample. 
Usually a small blank value amounting to 0*02 is found, 
and this may be dejjiucted from the peicentage found. 
The above factor takes into account the dilution owing 
to the water introduced with the sample, and gives 
results sufficiently accurate for most purposes. If de- 
sired, a factor may '‘be calculated from the known water 
jfercentage of the actual ''sample, i c.c. of decinormal 
soda teing equivalent to 6-0062 gram of boric acid. 
The reinainder of the filtered liquid may be used for the 
estimation of salt. 

Estimation of Salt in Butter and Margarine . — 5 c.c. of 
the filtered liquid obtained in the preceding process are 
diluted with 20 c.r. of distilled watqr and titrated in the 
usugi manicer with decinormal silver nitratt solution, 
using potassium chromate a& indicator. The number of 
c.c. of silver nitrate solution, multiplied by 0*13, gives 
the percents;^ of salt in the sample. This factor is 
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obtained^in the same way fs the factor for boric acid 
given above. 

Detection oj Salicylic and Benzoic Acids . — ^These sub- 
stances may be ^dded as such, ®r |n th^ form of* their 
sodium salts.* In most coflijtries their use as preserva- 
tives for butter or margarine is neft allowed, and in 
France they are definitely prohibit*ed by law, in all 
foods.* 

{a) fn Milk . — Girard recommends the following pro- 
cess^for the detectipn of salicylic a^id in milk ; it may 
also be applied for the separation of benzoic acid : loo 
c.c. of the milk are diluted with loo c.c. of water at 6o°, 
treated with 8 drops of acetic acid and 8 drops of a 
saturated solution of mercuric^ nitrate, shaken and 
filtered. The acid filtrate, which has thus been freed 
from fat and proteins, is extracted with ether, which will 
take up the salicylic or benzoic acid. Chloroform is, 
however, preferable as it does not take up water to the 
same extent as ether. The ethereal tr chloroform layer 
is separated off, filtered through a drjT filter and allowed 
to evaporate spontaneously in a dish ; salicylic or ben- 
zoic acid, if present, will then be obtained as a white 
crystalline powder. For identihcation, the crystals may 
be sublimed on to a watch* glass and tested foi* their 
melting point ; salicylic acid melts at 155® to 156,®, and 
benzoic acid at 12 1®. The following reactions may also 
be used for the identification of these acids : In neutml , 
aqueous or alcoholic solution, salicylic acid gives a fijie 
violet coloration on the addition of at drop or two of 
neutral ferric chlaride solution, and benzoic acid gives a 
buff-coloured precipitate with the same reagent in neutral 
aqueous solution, ff an aqueous solution of benzoic 
acid is warmed for five to ten minutA qif the water 
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bath with h few c.c. of a 0*5 cent, solution of hydrogen 
peroxide,, the bdnzoic acid is partially converted into 
salicylic. acid, which may be recognised by the reaction 
just described,, A delicate reaction fo^: the detection of* 
benzoic acid in the absenqe* of salicylic acid is given 
under the next heading. (See also p. 434.) 

(6) In Butter an^ Margarine. — ^The following method 
has been devised by Robin ^ for the detection of b6nzoi(f 
acid ; it may also be adapted for the separation of 
salicylic acid : 25 gr^ms of the melted butter or mar- 
garine are shaken in a separating funnel with 50 c.c. of 
a I per cent, solution of sodium bickrbonate, 15 c.c. of 
alcohol being added in order to facilitate the separation 
of the fat from the aqueous liquid. After shaking with 
a rotary motion, so as to avoid the formation of a 
troublesome emulsion, and allowing the layers to 
separate, the aqueous alcoholic liquid is run off, treated 
with 7 to 8 drops of sulphuric acid, heated to boiling, 
shaken with a little fuller’s earth (in order to facilitate 
the separation of the proteins), and filtered through a wet 
filter. The cooled filtrate is shaken out with 40 c.c, of 
ether, and the ethereal extract, containing the benzoic 
6r salicylic acid, is separated off and shaken with 20 c.c. 
of water and 5 c.c. of alcohcfi totfemove excess of mineral 
acid, find then with 20 c.c. o^ a i per cent, solution of 
sodium bicarbonate and* 5 c.c. of alcohol. The alkaline 
. solution, which will contain the benzoic or salicylic adds 
as sodium salts, is run into a small dish and evaporated 
to dryness on th? water bath. A small portion of the 
residue may now be tested for salicylic add by dissolving 
in water and adding neutral ferric chloiide to the neutral 
solution ; if salicylic add be absdit, the bulk of the 

> Ann. de dym.'i’appl., 1908, 13, 431, abs. AntUyst, igog, 18. 
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residue be tested for l^nzoic add by'the following 
delicate reaction :* Add 5 c.c. of concentrated sulphuric 
,acid and 10 drops of fuming nit Ac acid, and heat carefully 
until white fumfcs are given Ojf. • Pou# the re^ultin^ 
mixture, whfch should be colourless^or light yellow, into 
50 c.c. of water, and add sufficient concentrated ammonia 
^solution to give a decidedly alkaline reaction. After 
cooling, add ammonium sulphide solution drop by drop ; 
if benzoic acid was present in the sample, an orange 
yellow coloration will be produced, depending on the 
formation of the ammonium salt of an amido nitro 
benzoic acid*. By this method, the presence of 0*05 per 
cent, of benzoic acid in the sample may easily be detected. 
(See also p. 434.) 

The Detection of Formaldehyde in Milk . — ^Tlys pre- 
servative is genejally looked on as poisonous ; a further 
objection to its use is that it enters into chemical com- 
bination with proteins. It should be tested for in milk 
before the sample is too old, as ir(the formaldehyde) 
disappears in time. 

IJehner’s test for fondaldehyde in yiilk, is modified hy 
Richmond and Bosely, is as follows : Th^milk is dilute^ 
with an equal bulk of water, and 94 per cent, sulphuric 
acid containing ^ trace d^aterric salt is added in'sucl^a 
way^hat it will form a layer under the milk ; un the 
presence of formaldehyde, a violet coloration is formed at 
the junction of fhe layers ; in the absence of formalde-* 
hyde, t)nly a brownish yellow ^inge will be observed. 
This test, which is ofrextreme delicacy,*is only applicable 
to milk, ^f the Indication is watched for, fofrfialdeRyde 
may be detected in {he couhe of^he carrying out of the 
Gerber or similar test (see p. 269). The commercial acid 
used contains sufficient iron, as a rule,to^ve the reactio^n. 

A.LA. **7 
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Another method is to add lo loo c.c. of the milk i c.c. 
of dilute' sulphuric acid (i part acid to 3 of water), 
and to distil over about io c.c. Formaldehyde may be 
tested ‘for in the distillate b^ a variety of reactions. 
Schiff's reagent, whi9h consists of a solution* of magenta - 
which has been bleached by the addition of just the 
requisite amount of sulphurous acid, gives an intense^ 
red coloration in the presence of formaldehyde after 
standing for a few minutes. It is pointed out by '^Rich- 
mond that the distillate should be rendered faintly ^id 
with hydrochloric acid before adding the reagent. 
Hehner’s test for formaldehyde consists in the addition 
of a drop of a dilute aqueous solution of phenol, and 
running strong sulphurie acid down the side of the test 
tube. A bright crimson coloration is formed at the 
junction of the layers, if formaldehyde is present. 
Monier Williams ^ has called attention to a proprietary 
preservative, mystyi,*' consisting of sodium nitrite and 
formaldehyde. Nitrous acid masks the Hehner test for 
formaldehyde, but, tie points out that the addition of a 
little urea de'stroy? the nitrouS acid whereupon Jhe 
r^acrion may be obtained. 

In addition to the objections to the use of formalde- 
hyde iiJ milk, already mentioned, it may be pointed out 
that this preservative has been shown by SommerfeW to 
have a more pronounced action on the relatively harmless 
organisms, e.g., the lactic acid producing bacteria, than 
on the pathogenic and jp^trefactive organisms whidi may 
occur in milk. This was found to be the case when 
fomfeldehyde was added in the proportion of I'to 10,000. 
It is obvious that if the activity of tjie harmless bacteria 

^ Ripori to L^cal government Board on Ptd>lic Health and Medical 
Subjects, New S^tSt No, 60, Food^ReportSt No. 17. 
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is impijTed to a greater legree than that of the more 
injurious organiftns, the latter will Ue able ifi develop 
more freely and render the piifk unfit for use. • (Compare 
Chapter VI., p.ia^s sej.) 

TAe DetSciion of Hy 3 o^en Peroxide in Milk . — Like 
formaldehyde, this preservative is ^adually decomposed* 
by milk, and disappears after a time. Hydrogen per- 
oxide is decomposed into water and oxygen by a milk 
enzyme known as catalase, which is looked on as distinct 
frgm the enzyme peroxidase, ta which the Storch re- 
action is due (see p. 287). The catalase test is based 01; 
the measuremenf of the amount of oxygen liberated 
from hydrogen peroxide under standard conditions, high 
values being obtained with yiilk derived from cows^ 
suffering from udder disease owing to the fact that 
blood corpuscle are rich in catalase. As catalase also 
appears to be secreted by some micro-organisms, the 
test only has* diagnostic value when applied to fresh 
milk. Hinks ^ has shown that ir more hydrogen per- 
oxide is added to milk than can b^.decomposed by the 
cs^alase present, the Excess of hydrogen peroxide njay 
persist for a prolonged period. The hydrogen pepxide 
is decomposed into water and oxygen by a catalytic 
action, the nascent oxygen having a bactericidafl action. 
Thlfe principle was utilised in Budde’s process foi; sterilis- 
ing milk. Hydrogen peroxidfi was usually added in the 
proportion of about 0*05 per cent. ; sometimes the ftiilk 
was heated with the hydrogenj)eroxide in closed vessels 
to 50® for 8 to 10 hours, after which«it was supposed to 
be strife. Itf has, however, been shown tha 4 the 
hydrogen peroxide^ does rfot destroy all the pathogenic 
otgaiiisms when used in the concentration mentioned, 

‘ Afufyst, 1915 , 482 . • 
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while if the amount necessarj^or complete sterilisatior 
i,e., 0-4 per cent., is added, a bitter tasfe is produced. 

Hydrogen peroxide may be detected by adding t 
about ib c.c. ofHhe ndllT a fey drops a freshly pr( 
pared solution of potassium iedide and starch, and the 
*a very small quantity, of dilute ferrous sulphate solution ; 
in the presence of hydrogen peroxide, a blue colorafion 
will be developed. The reaction is extremely delicate. 

The Storch test (see p. 287) may also be used for the 
detection of hydrogen peroxide, omitting the addition*of 
this reagent. It is advisable to add fr^sh milk free from 
hydrogen peroxide to the sample tested to bnsure the 
presence of peroxidase. 

, The Detection of Sodium Fluoride.’— -The milk, cream 
or aquepus serum from butter or margarine is made 
distinctly alkaline with milk of lime, evaporated to dry- 
ness and incinerated. The ash is placed in a platinum 
dish, moistened with /water, and 5 c.c. of concentrated 
sulphuric acid are added. The dish is then covered with 
a watch glass which has been coated on the under side 
with paraffin wax, the latter having been scraped off an 
a few* places, (jentlc heat, is applied, care being taken 
not to melt the paraffin. If the exposed parts of the 
glass become etched in the course of about half an hour, 
the presence of fluoride may be inferred. In the presence 
of compounds of boron, the test must be modified as 
described under the next heading. 

Monier Williams (footnote, p. 418) has propose'fl the 
following rapid tesffor fluorides in butter and margarine : 
10 gAms bf the sample are melted add sha'ken in a 
separating funnel with fether and 1 or 2 c.c. of water. 
The aqueous layer is run off into a test tube, a few drops 
of Jhydrogen pQrosdde added,, ajid i c.c. of a solution 
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containing about 2 per «fent. of tit|nium sulphate in 
10 per cent. sulp!iuric acid. In the presence df fluoride, 
the orange yellow colour of the titanium solution will 
be partially di^harged, may be seeft on compariscm 
with a blank test. The 1*est may^also be carried out 
on milk, using thf whey obtained iy curdling the milk 
with a little acid and filtering. 

Richmond has shown that sodium fluoride has no 
preserving action on milk unless added in amounts of 
mnre than o*i percent. 

The Detection 0^ Fluoride in presence of Boron Com- 
pounds in Butter and Margarine. — ^The test for flijoride 
is complicated by the presence of boric acid or borax, 
owing to the formation of fluofeoric acid, which has no* 
etching effect on glass. As many butters and margarines 
contain boric acid or borax, Otto and C. W. Hehner have 
devised the following test : 50 grams of the sample arc 
melted and mixed with 50 c.c. of hc^ water ; the aqueous 
layer is separated from the fat in a separating funnel and* 
made alkaline with sodium carbomife. After adding 
an, excess of calcium chloride, the liquid is evaporated 
to dryness ; the residue is ^incinerated, and the ash 
extracted with dilute acetic acid, transferring ^t to a 
filter and washing with the acid. The boron com- 
pouSds are thus dissolved, while the calcium fluoride 
remains on the filter. The filter with the insoluble 
ash is transferred to a platinum dish, dried and 
incinefated. The ash is then* tested for fluoridcT as 
described above. 

Preservatives in Meat* Winj: and other Foods. 

Most of the methods for the identific|tio]} and estima- 
tion of preservatives giv§i\ above mayl)e%pplied in the 
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case of other foo4s, the method of extracting the pre- 
servative Wng varied to suit any particular case. Solid 
or semi;Solid foods, such as meat or sajisages, are usually 
cbmminuted and exfracted \^ih. watefi:; the filtered 
, aqueous extract mqy then be acidified and extracted 
with chloroform, when such preservatives as benzoic 
and salicylic acids, or saccharin, will pass into, the , 
organic solvent, while fluorides, boric acid, etc.^ will 
remain in solution in the aqueous layer. In some cases 
it may be convenient to render thS aqueous extmct 
'alkaline and to evaporate it to a gmall bulk before 
acidifying and extracting with ether. Liquids may be 
treated in the same way as the aqueous extract fi*om 
* solid foods. Another general method is to steam distil 
the material in presence of phosphoric acid, when benzoic 
and salicylic acids, etc., and sulphufous acid, firom 
sulphites, will pass over with the distillate. 

As examples of |6e methods generally in use, the 
' detection, and in sojne cases also the estimation, of some 
of the commoner preservatives in meat and wine will 
bfi described. Besides common salt, nitre, sugar, wood 
smoke, vinegar and spaces, the commonest preservatives 
used ii\ meat and meat food, products are formaldehyde, 
hade acid or borax, and sulphites (usually sodium or 
calcium bisulphites), T)^e use of the latter preserva- 
tivjes in meat is forbidden by law in Germany and the 
\jnited States. American packers may, however, under 
the direction of the foreign purchaser or his ageilt, add 
preservatives to meat and meat fodd products iiflended 
for export. In proportions wWch do not conflict with the 
laws of the foreign c6untry to which they are to be 
exported. *4s hjs already been pointed out, the law of 
the United i&n|dom containsruo definite prohibitions 
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for the jjse of preservatives^ foods, except in the case of 
milk and cream. ’It may be mentioned! that a conviction 
, for 29 grains of boric acid.pSr pound in sausages was 
quashed under section 6 of the’Faod aifd Drugs* Act qf 
1875, while prosecutions Sjbve succeeded for 40 grains of 
boric ^Lcid per pound, and larger quantities, in similar 
^ foodstuffs. Form^dehyde is generally held to be harm- 
ful ; it is used for fumigating meat intended for long 
transit, and is a very efficient preservative, but has a 
ha^nful effect on the digestion. • 

The Departmental Committee on Preservatives and. 
Colouring Matters in Foods, 1901, recommended that 
the use of formaldehyde or its preparations in foods or 
drinks be absolutely prohibited.. In a report to the Local 
Government Board, 1909, Dr. Buchanan reconynended 
that meat tra^rs and importers should consider the 
practicability of limiting the use of formaldehyde to the 
adequate disinfection of the holds in which the meat is 
to be conveyed, before it is intro'duced. In a report, 
to the Local Government Boarcfi • Dr. MacFadden 
pojpts out that a considerable proposition *of the sample 
of canned meat foods, both of Britislf and Am^cjn 
manufacture, examined by different analysts, contained 
either boron or sulphitd preservatives. In revie^ng^he 
recofnmends that " steps should be taken to secure that 
specified chemical preservative should not be used in 
the preparation!* of canned meats intended for use* i» 
this country," and that " in ai^ schedule of prohibited 
preservatives, boroik compounds, suliffiites and prepara- 
tions of %ulphitrous acid, benzoic add afid forftialin 
should be induded^" * , 

i Keports of Inspector of Foods, No. 6. 0 | Preservatives 

in Meat Foods Packed in or Glass.'* 190% 
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The chief preservative us^ in wines, beers ajid other 
beverages, is salicylic acid. The Departmental Com- 
mittee oh Preservatives and Colouring Matters in Foods, 
1901, recommefided ^al this preservative should not be 
used in a greater proportimi than i grain per pint in 
liquid food, and i gyain per pound in solid food. * Quite 
a, number of prosecutions have been successfully main-, 
tained against salicylic acid, though the results show 
but little uniformity ; thus cases may be cited in which 
prosecutions for 13 gfains per pint in* ginger wine faied, 
and 7*2 grains per pint in similar ^material procured 
conviction. A prosecution for 17 grains pA* lb. in jam 
failed, while 2-67 grains per lb. procured conviction. 
Besides salicylic and bftnzoic acids, beverages may be 
preserved with sulphites, fluorides and boric acid. 
Saccharin is sometimes added to wines and sweet 
beverages in order to reduce the amount of sugar and 
lessen the ferments^on ; it is said to conceal inferior 
quality, and also to have a harmful effect on digestion. 
Fruit juices, jams^etc., may be preserved with benzoic, 
salicylic, boric and /ormic acids. * « 

f Itv- German5^, practically all the preservatives men- 
tioned above (and in the c^e of acids, also their salts) 
ai» forbidden by law in meat* and wine. Sulphurous 
acid and sulphites, not being considered poisonous, are 
not excluded from wine. ' They are, however, prohibited 
•in'^meat, as sulphurous add tends to restore the colour 
of bad meat. In France, most of the common preserva- 
tives are forbidden in wine, while the use of salicylic 
acid' benMc add, and thdr salts, and ‘formaldehyde as 
preservatives is forbidden al{ogethet. 

Detection and Estimation of Formaldehyde in Meat.-^Thid 
ration give* a\)Ove for the.<l/5tection of formaldehyde 
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in milk^ depending on ^e formation* of a violet 
coloration in the presence of proteins, mineral Acid and 
»an oxidising agent, cannot be applied here, as meat gives 
a violet colour bn* warming wfth.minefal acid In tlxQ 
absence of the aldehyde* ^The fojlowing method has 
been devised by Dr. Schryver (Report to Local Govern- 
ment Board on the "Application of Formaldehyde to Meat, 
1909) for the detection- of formaldehyde, polymerised 
formafdehyde or formaldehyde which has entered into 
conabination with other substances, i.e,, the proteins of 
the meat : lo grams of the minced meat are heated for . 
5 minutes dn a boiling water bath, with water to every 
10 ex. of which have been added 2 cx. of a i per cent, 
solution of phenyl hydrazine hy^Jrochloride. The quan- 
tity of liquid is varied according to the amount, of for- 
maldehyde present. In most cases where the amount 
of formaldehyde is i part in 50,000 or less, 10 c.c. of 
water and 2 c.*c. of phenyl hydrazme solution are em- 
ployed. Where the concentration? are higher, larger 
quantities of the liquid must be used, • Thus, where the 
concentration of the aldehyde in the pieat reaches i p 3 j»t 
in 5,000, 10 grams of meat are heated ^th 100 c^. ^f 
water and 20 c.c, of i per cent, phenyl hydrazine hydro- 
chloride solution. AftA. heating, the liquid is^coolgd 
and filtered from the coagulum through a loose plug of 
cotton wool. To 12 c.c. of the filtrate are added i c.c. 
of a 5 per cent, •solution of potassium ferricyanide ahd» 
4 c.c. Of concentrated hydrochlyic acid for each 12 c.c, 
of water and phenyl hydrazine reafent employed in 
the test. ‘In thb presence of formaldehyder a briHiant 
fuschine-like colourjs devAoped, which reaches its full 
intensity after a few minutes’ standing, and keeps 
without marked deterioration for sewai^hours. By 
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comparison df the colour \ 4 th standard solutjpns con- 
taining known amounts of formaldehyde, the amount of 
formaldehyde in the me^t sample can be ascertained. . 
, Detection and EsUniaiion of Boric ^Acid (or Borax), 
(a) In Meat. — ^Th^ followf'ng is the German official 
method for meat ‘inspection ; 50 grams of the com- 
ininuted meat are triturated with 50 c.c. of water, t<^ 
which has been added o*2 per cent, of concentrated 
hydrochloric acid (specific gravity 1-124). The mixture 
is allowed to stand ki a beaker for <half an hour, jjfter 
which it is heated on a boiling water bath for half an 
hour, with occasional stirring, the beaker being covered 
with a watch glass. The warm mass is pressed in muslin, 
and the liquid extract, poured through a moist filter. 
The filtrate is made faintly alkaline to phenol phthalein 
by the addition of decinormal sodium hydroxide solution, 
and evaporated to 25 c.c. 5 c.c. of the liquid thus 
obtained are acidified, filtered and teste'd with turmeric 
paper as follows : — 

A strip of turm/eric paper 8 cm. long and i cm. wide 
i^i. wetted half its Ijpngth with the acid liquid and ^ried 
on a watch glais at 60® to 70®. If no change is observed 
on the part which was wetted, then boric acid is absent. 
I( a red or orange-red colour produced, a little 2 per 
cent, solution of sodium carbonate (anhydrous) should 
be added ; if a reddish ’brown spot is produced, which 
^ddes not differ from that got with puife turmeric paper 
and sodium carbonate^ then boric acid is absent. If, 
however, the sodium carbonate solution produces a blue 
spot, then* boric acid is present. If a bltiish violet 
coloration is produce^ or the indications obtained are 
in any way doubtfiik the flame te^ should be applied, 
the official dfredions for which are as follows : — 
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5 c.c. the concentrate<if alkaline solution* obtained 
as described abo^e, are evaporated to dryngss and 
incinerated in a platinum dish * The ash is well mixed 
with 5 c.c. of mfethyl alcohol a1id.o*5 «.c. of concen-^ 
trated sulphuric acid, an^ the whole is transferred to 
a 100 c.c. Erlenme^er flask with th*e aid of a further . 
quantity of 5 c.c. of methyl alcoliol. The flask is 
closed with a cork, and shaken at frequent intervafs 
during *half an hour, after which all the alcohol is dis- 
tilled off, heating the flask in a water bath at 80® to 85®. 
The distillate is introduced into a glass cylinder or test 
tube of about 40 c.c. capacity, about 6 cm. high, and 
fitted with a cork carrying two glass tubes bent at right 
angles, one of which passes to tljp bottom of the vessel, 
and the other jUst through the cork. A current of 
hydrogen is passed through the liquid, and ignited as it 
emerges from the shorter tube ; if a green-edged flame 
is produced then boric acid is present. 

Estimation of Boric Acid . — ^This miy be carried out by 
evaporating a definite proportion of^the concentrated 
alkane liquid used fdt the above^ tests to dryness, 
incinerating as described under the green-flame test, 
dissolving the ash in water, *and titrating the liquiJ 
previously neutralised tp methyl orange witlf ded- 
nomAl sodium hydroxide solution in presence of glycerol 
and phenol phthalein, as described on p. 413. 

(6) In Wine, fruit Juices, Jams, ^/c.— The following, 
method is due to Allen and T^kard : 100 c.c. of Jhe 
liquid are evaporated to dryness with 10 c.c. of a 10 per 
cent, solution of*caldum chloride. In the case of tolid 
or semi-solid material, such as j|ims, mincemeat, etc., 
the' mass should be broken up and the caldum chloride 
solution well mixed with it. The residfie^ indncrat^ 
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by first clianlng, then extraking the mass with^5o c.c. of 
water, and filtefing the aqueous extract from the coal^ 
which is burnt off by itself. The residue thus obtained 
is .boiled with a SQcoftd portion of 150 c.c. of water, 
allowed to stand fpr 12 hours and filtered cold. The 
filtered liquid is united with that previously obtained 
from the charred mass, and the boric acid in solutioy 
estimated by titration as described on p. 41J. The 
incinerated residue may be extracted with a further 
150 c.c. of water, and the filtrate thus obtained titiated 
for boric acid, to make sure that this constituent has been 
completely extracted. The qualitative tests for boric 
acid may be carried out as described under the pre- 
ceding heading (Detect^ion of Boric Acid in Meat) on a 
portion of the aqueous extract previously made alkaline, 
and concentrated or evaporated to dryness as the case 
may require. 

Detection and Estimation of Sulphurous Acid or Sul- 
phites in Meat, Wine, etc . — ^The following are the German 
ofi&cial methods /or the detection and estimation of 
sulphurous add and sulphites ih meat and wine ; fhey 
may also be applied to other materials, such as jams, 
cider, beer, etc. v 

^ The' qualitative test is carned^)ut as follows with meat : 
30 grams of the comminuted meat are rapidly fluxed 
with 5 c.c. of A 25 per cent, solution of phosphoric acid 
••in' a 100 c.c. Erlenmeyer flask. The latter is closed with 
a cork in which a slit ^as been cut, so that a piece of 
potassium iodatd and starch paper may be suspended 
from it. "The test paper should be freshly ffrepared by 
soaking filter paper iiv,a mi^tture m equal parts of i per 
cent, solutions of potassium iodate and starch, drying at 
a gentle heitradd cutting into strips of convenient dze. 
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A strip oi this paper is su^nded so Jhat the end is 
at>out I cm. above* the meat, and i cm. of thfi lower 
piortion is moist enet^ with water. If in the course of 
10 minutes' no blub colour j.ppears (fisually seen at the 
junction of the wet and dry pfirts of ti^e paper), the cork 
is loosened and the Jdask is placed ojpi the water bath, 
v^rme^, then closed with the cork and allowed to cool > 
if no colour is observed on the test paper after half 
an hour, it may be assumed that the meat is free from 
sulphurous acid or sulphites. * 

The method reco^imended for the estimation is as 
follows ; 30 g^ams of the comminuted meat, or loo c.c. of 
wine, are mixed with sufficient sodium carbonate solution 
to render the whole alkaline, in a 50D c.c. round-bottomed, 
long-necked flask, the volume of liquid being made up 
to about 150 c.c. •After standing for i hour, the flask 
is connected up as for a steam distillation, on the one 
side with an inlet tube passing well b^jow the surface of 
the contents, and on the other side wjth a Liebig con- 
denser which is connected at the other end by means of* 
an adapter, with a U tube* having 3 bulbs (Peligot tube),< 
which must be capable of holding 150 c.c. o^ liquid while 
gas is being passed through ,it. A ^ream of cybon 
dioxide^ entering through the inlet tube in the flask, i» 
passed through the whole apparatus ; when all thh air 
has been displace^ the Peligot tube is cliarged witl^ 
50 c.c. of a solution prepared by dissolving 7*5 grams of 
potassiuffi iodide and 5 grams of iodine in i litre of watdt 
(pure materials being flsed, so that the solution is free 
from sulphates), and 10 c.c. of a 25 per cent, solution of 
phosphoric acid are added to the (intents of the flask, 
the cork being removed and replaced ^ guickly as 
possible ; the current of carbon dioxide*is Maintained* 
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throughout. ' After connectiitg up the apparatu^as before, 
about half of the liquid is distilled still maintaining 
the current of carbon dioxide. AU the sulphurous aci^ * 
will how have beet (friven ^over into the Peligot tube, 
where it will be o»dised to sulphuric acid by the iodine 
solution, which shpuld remain brown throughout, show- 
ing an excess of iodine to be present. The contents pf 
the Peligot tube and rinsings are transferred to a beaker, 
hydrochloric acid and barium chloride are added, the 
mixture boiled, the'barium sulphate being precipitated, 
collected, washed and weighed as in^an ordinary sulphate 
determination. The barium sulphate may then be 
calculated to sulphur dioxide or sulphurous acid. As 
already mentioned, the above methods may be applied 
or adapted to materials other than wine or meat. Some 
analysts use a definite volume of iodine solution of known 
strength, determined by titration with standard sodium 
thiosulphate solution, and estimate the iodine which has 
been used up in (he oxidation of the sulphurous acid 
by a second titration with thiosulphate solution. This 
•method is more expeditious tKan the one given above. 

» Detection of Fluoride^, {a) In Meat.^Thi^ German 
officinal method is as follows : 25 grams of the minced 
•meat are thoroughly mixed^Mth an excess of milk of 
lime "in a platinum dish, dried and incinerated. The 
residue is treated with 3 drops of water and i drop of 
concentrated sulphuric acid, the etching test for hydro- 
fluoric add being applied in the usual way, as described 
on p. 420, * • 

*(6) Vandam recommehds the following 

method : To 100 e.c. of“ the sample in a measuring 
cylinder aje a^ded 0*5 to i c.c. of a 20 per cent, sodium 
I sulphate solution and 10 of a xo per cent, barium 
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acetate ^lution ; after shaking well, the mixture is 
allowed to stand overnight and the clear liquid syphoned 
pff. The sediment is shaken up Wh loo c.c. of hot water 
and allowed to s^tle ; after renfoving tlfe clear liquor, • 
the process is* repeated witfi a furthe; quantity of 50 c.c. 
of hot .water. The washed sedimept, containing the 
insoluble barium fluoride, is transferred to a double filte;' 
and, when dry, incinerated. The ash is moistened with 
water, treated with 5 c.c. of concentrated sulphuric acid, 
and the etching test applied as des(!ribed on p. 420. It 
should be noted that many wines contain small traces 
of fluorides aS a natural constituent. 

(c) In Beer . — ^The following method is given in Allen’s 
" Commercial Organic Analysis#’ Vol. I., 1909 ed. : 
100 c.c. of the sample are made slightly alkaline with 
ammonium carbooate, boiled, treated with 2 to 3 c.c. 
of a 10 per cent, calcium chloride solution and boiled 
again for 5 minutes. The precipitijte is filtered oft, 
washed, dried and tested for fluoride in the usual 
way. 

Diction and Estimaiibn of Chlorides and Nitrates 
The following method, j>artly du^ to Given^ is^ 
described by Leftmann and Beam >in thMr “Food 
Analysis : It will be neoessary first to determine th« 
chlorides present, as these interfere with the nitrate 
determination ; this may be done by titrating the solu- 
tion obtained by Extracting i gram of the minced meat 
with 200 C.C. of water, with de<iinormal silver nitrate 
solution, using potassium chromate as irfdicator. 

For the '^eterriiination of nitrates, i gram' of the 
sample is placed in a ^00 c.c^. flastor 50 c.c. of water are 
add^ and the mixture wanned in hot water for 20 
minutes, with occasional s^^ajdng. For eSicto z per cent.,, 
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of sodium cfiloride found Vo be present, 3 jc.c. of a 
saturated solution of silver sulphate ire added, then 10 
c.c. of basic lead acetate, and 5 c.c. of alumina cream (see, 
•p. 392^ shaking after each addition. The liquid is made 
up to 100 C.C., shaken, filtered through a dry fluted 
filter, the filtrate t>eing returned till clear. 20. c.c. of 
the filtrate are evaporated to dryness on the water bat|j 
in a porcelain dish, and the residue is mixed with i c.c. 
of phenol disulphonic acid, the preparation of which is 
described below ; without applying heat, the acjd is 
stirred over the whole residue ; the mixture is completely 
transferred to a Nessler tube by rinsing with water, and 
the solution thus obtained made alkaline with ammonia 
or soda. By the intenaction of the nitrate, the phenol 
disulphonic acid and the alkali, an alkaline picrate is 
formed, the depth in colour due to th« latter being pro- 
portional to the amount of nitrate present in the sample. 
The determination^ay therefore be made by comparison 
with a solution which has been similarly prepared by 
evaporating to dryness on the water bath a known 
srolume, say, i c.cu, of a standard solution of potassium 
nitrate, containing o*ooi gram of the salt per cubic centi- 
metre, treating with phenol disulphonic acid, transferring 
to a Nessler tube by means of water and rendering alka- 
line As before. The two picrate solutions are mhde up 
^ the same volume and compared.* If the difference 
in the depth of colour is not great, some of the deeper 
coloured solution maybe poured off till the tints Observed 
in the two tub& when placed side by side on a white 
surface are sensibly equal. The relative 4 'epths of the 
two layers of liquid^ may then bQ taken as a basis for 
calculation, on the other hand, the difference in 
tints is very marked, anoyigr solution for comparison 
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must be ^nade from a grejjler or smaller* quantity of 
potassium nitrate. • 

^ The phenol disulphonic acid^s prepared as follows : 
37 grams of pure. sulphuric acid* and 3 grams of* pure, 
phenol are heated for 6 ht)ttrs in a^ flask immersed in 
boiling v^ater. The resulting reagent Jmay crystallise on 
CMling, but can easily be liquefied on gentle warming. 

Detection and Estimation of Salicylic and Benzoic Acids. 
—The following method is recommended by Harry and 
Miiny;nery for- the detection and estimation of salicylic 
acid in wine and beer ; it has the advantage of elimina- 
ting tannins which may mask the reaction of salicylic 
acid with ferric salts, and also substances which tend to 
give rise to emulsions on extr^ting with immiscible 
solvents. It may equally well be applied to sojid or 
semi-solid foods, in which case it will be necessary to 
make either an aqueous solution or a slightly alkaline 
aqueous extract.* As far as the actual extraction of the 
preservative froih the sample is concerned, the method 
is also applicable to benzoic acid. 

lop c.c. of the sample for aqueous sylutioh or extract^ 
are made alkaline with 5 c.c. of normal sodftm hydrojjid^ 
solution, and the alcohol (if any) is driven ofl at a tem- 
perature just below theljoifing point. The following 
operatfons, up to the ether extraction, have for -their 
object the removal of tannins &nd pectinous or albu- 
minous matter froftl the aqueous solution of the preserva- 
tive. 5-c.c. of normal hydrochlo^c acid are added, and 
then 20 c.c. of basic lead acetate solutidh ; the mixture 
is made allAline With about 20 c.c. of norm?d*soditlm 
hydroxide solution, and mad£ up tq 200 c.c. with water. 
The tannins are precipitated while the lead salicylate 
(or benzoate) is soluble in^the alkaline soli^fon. After^ 
A.I.A. aS 
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mixing, heating in boiling Water and cooling, ^he liquid 
is filtered through a dry filter ; lOo cic. of the filtrate are 
acidified with hydrochloric acid, which will precipitate 
• albuminous ntatterdo^elher with lead chloride, besides 
liberating the salicylic (oi> benzoic) acid.* The filtrate 
and washings froiij the last precipitation are extracted 
tJiree times with ether, the ethereal extracts united anjl 
evaporated to dryness. 

If, however, the salicylic acid is to be estimated colori- 
metrically by the method described below, it is better 
not. to evaporate the ethereal solution, as loss of salicylic 
acid may occur through volatilisation with the water 
contained in the ether. A better plan will be to extract 
the ether solution with i per cent, sodium bicarbonate 
solution, and to work with the neutralised solution of 
sodium salicylate. If it is desired te isolate the acid 
for determination of the melting point, another portion 
may be employed.^ Chloroform is better than ether as 
an extracting medium (see p. 415). 

The identificatwn of salicylic or benzoic acids may be 
oarried out by the^methods alre’ady described (see p„ 415 
^indt below). Vor the estimation of salicylic acid, Harry 
and Mumniery recommend the following method : The 
acid is dissolved in a sm^ Quantity of -dilute alcohol 
and made up to 100 c.c. in a Nessler tube. The Wour 
produced with ferric chloride solution is then compared 
mXh the colour produced on adding ’an equal amount 
ofi ferric chloride to aplutions of the same volume in 
Nessler tubes containing known*' amounts of salicylic 
adh. ‘ ‘ * ; 

In the presence of both b^oic ajad salicylic adds, van 
der Laan and Tydens recommend the following method 
(or their sapaiation: Aft^^ estimating the salicylic 
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acid col%rimetrically (see tbove) in ^ portion of the 
aqueous solution, *the rest of the -solution is ^tracted 
•with ether (or chlorpform, see above), the acids obtained 
by evaporation <Jf the etljpreal extract are dissolved inr 
10 to 20 c.c. of quarter-nofmal caustic alkali solution, 
and a slight excess, of a 5 per cent , .potassium perman- 
g;anatp solution is added. After gentle heating by means 
of a s^iall flame, the excess of permanganate and the 
separated manganic hydroxide are reduced by adding a 
saturated solution df sulphur dioxicfe. The salicylic acid 
will be destroyed by^the oxidising agent, while the benzoic 
acid will reidain unaffected. The acidified solution may 
then be extracted with ether, and the benzoic acid thus 
obtained identified, and estimated by titration. For 
the method of separating salicylic and benzoio acids 
from saccharine, which may mask the reactions for the 
identification of the former, see below. 

Detection and ^Estimation of Saccl^fine in Beverages. 
— Saccharine, or ortho-benzoyl-sulphone-imide or its 
sodium salt, is not a preservative in "the true sense of 
the word ; it is added \o beverages Jn place of sugar, 
so as to reduce fermentation.^ 

The imide is removed op extracting tte acidified 
material with ether, and may be detected by the sweet 
taste of the residue obtained on evaporation of the ’ether. 
If present together with benzoic and salicylic acids, jt 
will generally accompany these if they are extracted 
from thS material by means of organic solvents. Sepafa- 
tion may be accomplished by acidifying 200 grams of the 
sample witt 5 c.c. of a 20 per cent. phospii6ric acid 
solutimi, and distilling almost to dryness ; the acids will 
be toxmA in the distillate, from whicl\ th^y may be 
obtained by acidifying and extracting wltbether, while 
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the saccharine will remain tin the flask, anc^may be 
obtained by extracting the content?) with water and 
extracting the acid solution thus obtained with ether in, 
.the us'ual way * 

Allen’s process £05 the estimation of saccharine in beer 
is as follows : The,beer is concentrated to one-third of 
it;s original bulk, and if not acid, it is rendered so by th§ 
addition of a little pure phosphoric acid. The liquid 
is extracted with ether, the latter evaporated, and the 
residue mixed with an excess of anhydrous sodiunvear- 
bonate and a little potassium nitrate, and ignited till 
all organic matter has been burnt off. A dtetermination 
of sulphate in the residue is made by dissolving in 
water, acidifying with hydrochloric acid, adding barium 
chloride solution, etc., as usual. The factor for calcu- 
lating the barium sulphate to sacaharine is 0785. 
Care should be taken that the reagents employed are 
free from sulphur compounds. 

Detection and Ehimation of Formic Acid . — ^This pre- 
servative is chiefVy used for fruit juices and preserves. 
Ija honey it is present as a natufal constituent in qu?nti- 
Ues*up to o-2i‘pcr cent. ^ ' 

According to Croner and Seligmann, formic acid is 
s^iparated from the sample by mixing 100 grams with 
400 CTC. of water, acidifying with phosphoric acid and 
distilling in steam. Fmckc (see below) acidifies with 
‘ tartaric acid, which is preferable as ft is less liable to 
da:ompose the organic^ matter than mineral acM. 500 
c.c. of distillate are collected, sufficient caustic soda 
solution ‘b^ing placed in the receiver (0 keq{> the whole 
alkaline. The alkaline distillate is pvaporated to 10 c.c., 
treated with an excess of baryta solution and filtered ; 
^he excess*^ taryta is theq precipitated as sulphate 
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by the Edition of sulphuaic acid, and th^ liquid again 
filtered. By this* treatment, acids ofher than formic 
•acid, which mighty mask the reactions for the latter 
are removed. The filtrate is* bailed Vith mercuric; 
chloride solution, when, in *he pre^nce of formic acid, 
a precipitate of rnercurous chloridg will be produced. 
Recording to Smith, formic acid may be identified by 
adding to the acid steam distillate a slight excess of 
ammonia above that required for neutralisation, evapo- 
ratii^g to a small bulk and adding a few drops of neutral 
ferric chloride solution ; in the presence of formic 
or acetic adds, a red coloration will be produced ; on 
shaking with 96 per cent, alcohol, a precipitate will be 
produced in the presence of forgiic acid, but not in the 
presence of acetic acid only. An excess of acetic acid 
interferes with tJie reaction ; in such a case, the acid 
steam distillate is partially neutralised with about 5 c.c, 
of normal soda* solution, and concentrated to 15 c.c. ; 
most of the formic acid will rcmaii^ combined with the 
alkali, while most of the acetic acid will be evaporated off. 

li. Fincke ^ recommefids the follo^ying ifiethod for tj^ 
estimation of formic acid: To the neiftral or f^ntjy 
acid steam distillate contaimng all the formic acid, 
obtained as described aHove (see also below), are* add^d 
3 to *5 grams of sodium acetate and at least times 
as much mercuric chloride (in ‘solution), by weight, as 
there is formic atid present. The mixture is heated foi^ 
2 hoyrt in a flask fitted by me|ns of a rubber stopper 
with a tube condenser, immersed fn boding water 
which rea^Jies tb the level of the liquid ill the flask. 
The mercuric chloride solution is prepared by dissolving 

* Zdtschr. far Nahr. u. Genu^mittel, 191J, 21^ i and 1911, 
22, 88. Abs. Analyst, 1911. ^^03 and 496. ^ 
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100 grams’ of 'mercuric chlorijje and 30 grams 0^ sodium 
chloride lin 100 *c.c. pf water. The ‘precipitated mer- 
curous chloride is filtered 'oft on a Gooch crucible, washed^ 
ydth hot watef , alcohol and ether, <iried and weighed. 
The factor for converting mariurous chloride into formic 
' acid is 0*0977. 

As regards the steam distillation, it will be necessary^ 
to distil at least 500 c.c., in order to bring practically all 
the formic acid over. As the estimation of the ‘formic 
acid depends on the ••reducing action of the steam ,dis- 
i tillate, errors may be introduced through the presence 
of volatile aldehydes, which may exist as -such in the 
sample or be produced from tartaric and other acids. 

^ To obviate this, the stea^pi may be led through two flasks 
contaimng a suspension of calcium carbonate, before it 
enters the condenser ; if the flasks arejkept heated, the 
aldehydes will pass on with the steam, while the formic 
acid is retained in the flasks as calcium formate. After 
^ filtering off the calcium carbonate and washing with 
water, the formic^'acid is estimated in the filtrate as 
described aboVe. Care should be taken to avoid spray 
bring carried c^rer in the distillation, as reducing sugars 
may be present in .the sample, and these would vitiate 
tlje result by reducing some pf the mercuric chloride. 
If sulphurous acid is present, the concentrated nftutral 
distillate, or the filtrate 'from the calcuim carbonate, is 
drteted with about 5 c.c. of quarter-nofmal caustic soda 
solution and 5 c.c. of goncentrated hydrogen peroxide 
solution, and lef^ for 4 hours ; the sulphite will then 
be Oxidised to sulphate. A little fireshly j^edpitated 
' mercuric oxide, made^nto d paste ^with water, is then 
added to destroy the excess of hydrogen peroxid^^ and 
after half ad Jiclu: the liquid is filtered, the formic 
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add estipated in the filtrjTe as described a\)ove. In 
the presence of salicylic acid, coipmoh salt should be 
^ssolved in the distillate ; .tills will prevent the pre- 
cipitation«of meroury salicylate. • 

Other Preservatives , — ^Tlft detection ana estimation oi 
most of the commonly occurring Jireservatives have 
]peen described. One or two methods for detecting a few 
other substances which may be used as preservatives 
are briefly outlined below 

Fgr the detection of ^ naphthol and other similar 
substances the American Association of Official Agri- 
cultural Chemists recommend that 200 grams of the 
acidified sample be distilled in steam, and the first 
200 c.c. of the distillate extracted with 20 c.c. of chloro- 
form ; on separating the latter, adding caustic jx)tash 
and heating almost to boiling for a few minutes, colour 
changes will occur as follows : in the presence of plienol, 
light red to brown, to yellow, to colourless. In the 
presence of salfil, light red, and irP the presence of P 
naphthol, deep blue to green, to broWj;i. 


Part II,— Artificial C5lour;kg Mmters. 

Intr6ductory. 

The colouring jnatters used fn foods may be classed 
under three headings : coal-tar dyes, naturally occurriftg# 
organic colours, and metallic or jnorganic colours. The 
most firequently used«are the cosd-tar dyes, the majority 
of which a^ generally held to be harmless, elpecial^ in 
the small amounts in whicl! they^e used, provided, of 
covCrsq, that they are pure, and free from arsenic or lead. 
The great majority of the vegetable colo Jriq^ matters are 
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also harnies^, but the mefijlic colouring matters, such 
as chromates, cSpper salts, etc., are* mostly injurious, 
even in small amounts. Tlie vegetable colouring matters. 
/»uch as cochirteal, ansPtto, turmeric and saffiron, have 
largely been superseded bjfcftie coal-tar colours, while 
mineral colours, wfth the exception,^ perhaps, of*copper 
sulphate, are of comparatively rare occurrence in foods. 
Among the few poisonous organic colours may be 
mentioned gamboge and picric acid. 

The la^ of the Umted Kingdom -does not definitely 
, forbid the use of colouring matters in any food, or limit 
the amounts in which they may be used* as in the 
case of preservatives the addition of any objectionable 
colouring matter would, in all probability, be dealt with 
under section 6 of the Sale of Foods and Drugs Act of 
1875 (see p. 407). Even when the colouring matter 
itself is harmless, its presence would be objectionable if 
it had been added in order to conceal the inferior quality 
of the food, as migAt be done, for example, in the case 
of meat, milk or wjhe. 

^The Departmental Committed on Preservatives «Jid 
Coloi^ring Matttrs in Foods, 1901, recommended that the 
use of colouring matters of any kind in milk offered for 
sale in* the United Kingdom rtould be considered an 
offence.under the Sale of Foods and Drugs Act . Further, 
that the use of copper salts in the so-called greening 
4)f* preserved foods should be prohibited. These 
recQinmendations have^ however, not resulted in any 
legislation on the«subject except the Ministry of Food 
Ordev mentioned on p. 408. ' 

The use of copper ,salts Tn foo(}s is prohibited in 
Germany and Austria-Hungary. In the United States 
certain specili|dtcolouring matters only are allowed in 
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foods, jj^nding further enquiry, v^ogper sans are pro- 
hibited in the colouring of vegetables, particdarly peas 
and beans. 

The identification of o^anic colouring matters, especi- 
ally coal-tar dyes, in foods, majfc^often be a difficult, 
task, requiring considerable experience. In many cases 
the fiill identification of the colouring matter will not4)e 
necessary ; it will be sufficient to determine its nature, 
and to be able to say whether it is harmless or injurious. 
By« the methods ‘given below, fhe general nature of 
the colouring matjer present may be determined ; the* 
methods fdr the detection of some of the conunoner 
vegetable colouring matters are also given. 

Dyeing Method for the Detectwn of Coal-tar Colours , — 
The method described is recommended by Thresh and 
Porter (“ Preservatives in Food and Food Examina- 
tion ") for the detection of both acid and basic coal- 
tar dyes, being based on the method of Sostegm and 
Carpenteri for the detection of acid ayes. It may gener- 
ally be employed for the detection ef coal-tar dyes in 
meat, wine, confectionery, milk, fruitijuices and extradfe, 
etc. 

The majority of the dyes found iri*foods are of ^n acid 
nature, oiiy few basic cc^urs being met with. It clean 
white wool is immersed in antacid solution of dn acid 
dye, or an alkalii^ solution of a basic dye, it will take 
the colour in both cases, forming insoluble compounds 
with dyes of both classes, presumably owing to its ebn- 
taining both basic and acid constituents. In^addition to 
coal-tar c(5purs,*the wool will take up some vegetable 
colours, such as cochineal or logp^ood ; if, however, the 
acid dye, for example, be dissolved frqm fhe wool by 
means of an alkaline solution, then, oif atidification of 
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the latter, a second piece of wol may be dyed ^om it if 
a coal-taf colour be present, but not if the first dyeing 
was due to a vegetable colour. The same holds good, 
miUatis mutandis, as wgards basic dyes." 

In the first place, fit will *be necessary to prepare a 
clear solution or extract of the material containing the 
colour. Solid material should be broken up by passing 
through a sausage grinder, .when the colour may be 
extracted by warming with water or 8o per cent, alcohol. 
The filtered solution bf the colour isr divided into two 
‘portions of 50 to 100 c.c. each, the one of which is 
rendered faintly alkaline with ammonia, and the other 
distinctly acid with hydrochloric acid. Into each of 
. these solutions is put about a foot of white worsted which 
has pre?dously been boiled in a very dilute solution of 
caustic soda in distilled water, and washed till free from 
alkali. The solutions are kept at the boiling point for 
an hour, or less if the wool in one of them is distinctly 
• dyed. The dyed wool is removed, pressed between 
sheets of filter paper, and washed by immersing in two 
successive portions of 20 c.c. of boiling water. 

»Thc wool, it dyed from the acid solution, is then 
immersed in about ib c.c. of a boiling solution of dilute 
ammonia containing 10 per cent*, by volume of the con- 
centrated ammonia of specific gravity o-88o, or, if ^yed 
frojm the alkaline solution, in the same quantity of boiling 
5 per cent, acetic acid. The wools are removed, and the 
alk&line liquid made acid by the addition of acetic acid, 
and the add Hquih made alkaline by ammonia. A fresh 
piece of \^te, grease-free worsted, abefut 2 Jb 3 inches 
long, is placed in each solution ; afre^ heating for half an 
hour on a bo^g-water bath, the wools are removed and 
washed in distiil6d water ; if ^a, coal-tar dye was present 
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in the qpginal solution, (wie of the samples should be 
brilliantly dyed ;*if the dye present is basic, the most 
distinct dyeing wiU^take place from the alkaline solutions ; 
if acid, from the acid solutions. In^resence of vegetable 
colours, the ^ond piece of worsted ^11 acquire, at most, 
a dirty appearance^. 

, For identification, the colour may be removed from 
the wool used in a first dyeing, as described above, either 
by means of acid or alkali, and the tests applied to the 
solution. The identification of corfl-tar colours may be a 
difficult task, reqmring some special experience ; the* 
subject is ftflly dealt with in Vol. V. of Allen's “ Commer- 
cial Organic Analysis," where several recognised schemes 
are given ; the other works mentioned at the end of this « 
chapter may also be consulted. • 

Colouring Matters in Milk . — ^The artificial colouring of 
milk has been extensively practised owing to the 
erroneous popular notion that the " richer " the colour 
of milk the ricter will it be in cream. As a matter of • 
fact, during the summer, when the* milk is naturally 
mo(e yellow and yields a more highly coloured buthsr 
than in winter, the average fat percentage is uswally 
lower than in winter (see p. ^48). As mentioned^above, 
the addition of artificiaf colouring matters to milk was 
recently prohibited in the United Kingdom by the 
Ministry of Food*j in all probability the prohibition 
remain in force ihdefinitely. 

The •colours which have beei^ used most are anaetto 
and azo dyes, such a» methyl orange, aSnino azoben^ne, 
chrysoidin^ etc.* These colours are generally destroyed 
by the action of the micro-organisms* in milk (cf. the 
reductase test, p. 288), so that a negative r^ult may be 
obtained with a coloured^uiilk which his been kept fqr 
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a few days. An^tto is mor^permanent than j^he coal- 
tar dyes.* The colours are not restoreli on the addition 
of hydrogen peroxide or shaking with air, as is the case 
with methylene blue.* ^ 

Anatto is detected by making the milk alkaline with 
sodium bicarbonate rand soaking a s^rip of filter* paper 
in, it overnight ; a brown stain is formed on the paper,, 
which is turned pink on moistening with stannous chloride 
solution. 

Azo colours may b^ indicated by the production of a 
'pink colour on acidifying the milk, with hydrochloric 
acid. The following general method reconfmeiided by 
Richmond is more reliable. The colour is found either 
i in the fat or in the aqueous portion : At least 6o c.c. 
of milL are made just alkaline to delicate litmus paper 
by the addition of dilute soda or strontia solution, and 
evaporated to a thin paste on the water bath. The 
paste is thoroughly extracted with ether, which will 
‘ remove the fat. Tke ether is evaporated off, and the 
fat shaken with warm water. The water is separated 
a»d evaporated to df yness in a porcelain dish ; a coloured 
residue will be 'due to ad4ed colour. 

The |at-free residue is extracted with absolute alcohol, 
which is filtered and evaporated to dryness in a porcelain 
dish. ‘A coloured residue will be due to added cotbur, 

f clouting Matter in Butter and Margarine.— As in 
*tnilk, practically the only vegetable colouring 'matter 
which need be considered is anatto, which, howevkr, has 
been largely dispi^ed by certain fat-soluble azo colours. 
Butter odly has a natural strong yellow cojpur during 
the summer ; at other ^irnes, the colour may be increased 
artificially. ^Th§ amounts of azo colours added to butter 
os margarine wre* extremely mjuute, so that identification 
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is haxaij a practicable pr§^sition. It iS only possible 
to arrive at a rotigh classificatioo by* means tf certain 
colour reactions. Owing to Ae weakly acidic or basic 
character of ma«iy ieo colours* these cin often dnly be 
extracted from the fat* with dif^culty by means of 
aqueous alkali or acid. , 

Anatto is extracted from the fat by melting at a I9W 
temp*erature, mixing with an equal volume of petroleum 
ether *and shaking with dilute caustic soda solution. 
Th^ yellow aqueous extract may be tested for anatto in 
the same way as described in the preceding section. 

If a little of the sample is melted and shaken with 
10 per cent, sulphuric acid, some azo colours will produce 
a pink coloration in the acidjayer. A more general 
method for detecting added colours is to di^olve a 
little of the clear fat in glacial acetic acid by warming, 
and to add 2 or 3 c.c. of 10 per cent, sulphuric acid ; 
the lower layer will be coloured yellow, orange or green 
by azo colours.* * 

Colouring Matters in Meat.—Uesii generally coloured 
wiA coal-tar dyes, sudh as fuschin^, eosin and benj^)- 
purpurin. These may be recognised by tixtracting^with 
alcohol, and applying the dyeing test to the extract as 
described above. CarmSae and cochineal have also been 
used^or colouring meat. . • 

The following method, due to* Klinger and Bujard, and 
modified by Brdmer, may be used for the detection of 
carmine : 20 grams of the minted meat are heated* on 
the water bath for several hours with S mixture of equal 
parts of ^ycerdl and water which has beeh slightly 
acidulated with taijaric a^d ; tfie liquid is separated 
by' straining through muslin, and when cold, filtered in 
order to separate it from /at and suspeimei matter. Qn 
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adding alum Solution and 'tlfeen ammonia, precipi- 
tated aluminium ^hydroxide will can^ the colour with 
it, as a lake ; the latter isl&ltered off, washed with water, 
dissolved in a Small oqu'antity of tartaric acid^ solution, 
and examined in ther^pectroscope ; if carmine is present, 
the solution will sho^ absorption bands at b and E, and 
aijother close to D, in the solar spectrum. 

Colouring Matters in Wine. — Coal-tar dyes will be 
detected by the dyeing test, described above ; in addition 
to these, such mateiials as elderberry, logwood ,?Lnd 
' cochineal are said to be in use for colouring wine. The 
subject is fully treated of in some of the Other works 
mentioned at the end of this chapter. The tests used 
at the Municipal Labor^ory of Paris for detecting arti- 
ficial colouring matters in wine are given in Wynter 
Blyth’s work. 

Detection and Estimation of Metallic Colouring Matters. 
— The commonest metallic colouring matter used in 
..foods is, perhaps, copper sulphate, which is added to 
preserved peas, spwiach, etc., to impart a bright green 
cejpur and, at the same time, to harden the integument. 

general m6thod for the detection of compounds of 
copper, arsefiic, lead, chronuum, zinc, etc., all of which 
are poisonous, is as follows ^ : ibo grams or more of the 
material is mixed in a flask with a tenth of its weight of 
potassium chlorate and sufficient water to produce a 
ihm paste in the next operation. Hydrochloric add 
gas is passed through ^he mixture, the escaping gas 
being led through water to arrest possible traces of 
arseiilc cMoiide. When yellow vapoiu^ are ^n above 
the liquid, the current of gasis stopped ; the |mw«ss of 

»See abo landtr, "The Detection of Pobonous Metals,** 
Avelya, 1908, 4 ). ' 
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destruction will then proc^d spontaneoifely till a straw 
yellow liquid is Obtained. Any insofuble matter which 
may be present is usually .free from poisonous metals, 
but should be eKamined as well as the* solution* by the 
asual methods of inorgaftoanalysig. 

Arsenic, if present, will usually ^ave been introduced* 
as an impurity wiA organic or mineral colouring matters, 
or otlier materials used in the manufacture or preparation 
of the food, and is, therefore, only likely to be present 
in yery small amounts ; it must*accordingly be tested 
for in the original material by special methods, such as^ 
the Marsh or Gutzeit test ; methods for the detection of 
arsenic in foods will be found fully described in some of 
the works mentioned at the enej of this chapter. , 

Ferric oxide is said to be added to cocoa, in prdcr to 
improve its colour, and as an adulterant ; it may be 
detected and estimated on the same lines as described 
above for other mineral additions to foods. 
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Acid val^ie of oils and fats, 138, 140, 234, 239 
Aci^ty of flonr, 328 • • 

of kerosene, 226 
of lubricating t)ils, 140, 234 
of ma^t, 354 
of milk, 260, 41 1 
of spirit, 401 

Adams’ method for fat in milk, 267 
Albumin in milk. See “ Proteins.” 

Alcohol {see also ” Spirit ”), 366 
aldehydes^ in, 401 
estimation of, 397 
Aldehyde figure fdt milk, 275 
Aldehydes in alcohol, 401 
Alkali in lubricating greases^ 236 
• in milk, 41 1 

in phenolic preparations, 200 
in soap, 182, 184, 186, 187, i »9 
Alum in flour, 335 * 

Analyses of barley, 318, 349 
of coal, 4, 12, 18 
of coke, I2i^ 
of condensed milk, 292 
, of fatty oils and fats. 148 
of flour, 318, 320, 321, 33^ 
of yain. 318, 320, 321 
of gpape sugar, 382 
of lubricating pils, 228 
of malt, 349 
of milk, 246 
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Analyses of petrolenm, 213 
of soap, 193, 196 
of potato, 318 * 

of starcti S3rrujp 01 glucose, 380 * 
of wheat, 318, 320, 321 . 

Anatto, 444 
Anthracene, 100 ^ 

carbazole in, 105 
‘ estimation of, 102 

oil, 100 

paraffins in, 106 
Anthracite, 6 *■ 

Anthraquinone, 103 
Arachidic acid, 109, 153, 155 
Arachis oil, estimation of, 155 
in cacao butter, 161 
in hard fats, 157 
^ in lard, 160 
in olive oil, 153 

Aromatic hydrocarbons. See Benzols,” * 
Ash in barley, 347 

in coal and coke, 14 
in cocoa, 361 * 

in feeding stuiis^*363 
in flour, 322, 326 
in infants’ f^ds.'sflo 
in kerosene, 226 
in lubric 4 ting oilc, 235 
inkalt, 353 
in, milk, 252, 283, 411 
in starch syrup, 380 
in sugar, 383 


Benzols,” ** Benzene,” etc. 


Babassu oil, 138 

Babcock’s method&for fat m milk, 264^ 270, 279 
Barlry, 3 ^ 4.<348 

analyses of, 318, 349 
a^ in. 34^ ® 

germination of, 345 
mecUhffic^l tests, 34^ 
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Barley, p»teiiis in, ^3 
sampling of, 344 
starch in, 346 
sulphurous gcul in, 347 
water », 345 

Bases tar in creosoting liquor, 9^ 

• in middle oi^ carbolic oil, 73, go* 
in naphthalene, 100 

Baudouin’s test for sesame oil, 152 
Becchi’ff test for cotton and kapok oils, 151 
Beer, 399 

• alcohol in, 399 * 
benzoic acid in, ^33 
fluorides in, 430 
preservatives in, 424 
saccharine in, 435 
salicylic acid in, 433 
Bellier’s test for arachis oil, 153 
Benzene {see also '* Benzol "), 53, 56 
estimation of, in benzols, 59 
• in petrol, 217 
Benzene and Benzpls, 55, 56 

benzene in, 59 
bromine test for, 67 
carbon disulphide in, 62 
distillation test for, 53, 5> 
non-nitratabls hydrocarbons jn, 38, O4 
paraffips ix% 38, 64 
specific^avity of, 55, 57 
sulphuric acid test for, 69 
toluene in, 59 * 

Benzine, 205 
Benzoic add in beer, 433 

* in butter and margarine^i6 

in milk, 4i5> * 

Benzol in pqM. 2if 

motdP(5M also “ Petrol ” 4 , 71, 215, 21 
Benmls also ** Benrtne 55. 56 * 

Bituminous coals, 5 
B(^g of flour, 323 . 334 
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Bolton and Revis exactor, 87 
Boric acid in butter and jnargarine, 254; 413 

■ in meat, 426 * 

n milh, 412^421 
m wine, etc., 427 
Bread, 341 »• 

Burning, oil. " Kerosene.*’ 

Butter, 247, 254 
* benzoic acid in, 416 

boric acid in, 254. 299, 413 
casein in, 254, 300 
colour in, 301 

iat (see also " Milk fat "), 134. i37. 164. 30i 
fat in, 298 

preservatives in, 410 
proteins in. 254, 300 
salt in, 254, 299, 4M 
.sampling of, 297 
solids not fat in, 254, 298 
water in, 116, 298 
Butyric acid, 137, 138 
Butyro refractometer,^i22 

Cacao butter, oils in! i6x 
Calcium phosphate in flour, 338 • 

(Calorific value coal' by calculation, 33 
t « . and other fuels by calorimeter 30 

Cane sjigar {see also '* Sucrose p, 382 
Qarbazole, 105 « 

Carbolic acid, crude, 73 

light oils in, 75 
phenols in, 75 
water in, 74 

Carbolic acid, crystallised, 84 

purd and its preparation?, 78 
Carbolic pit* aiso '* Middle oil "). 7 * 

Cartolic soap, i 94 
Carbohydrates, 30*3, 36^ 

in condensed milk, 292, 391 

it infants' foods, 295, 310, 357, 393 
« * 
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Carbon in coal, 27 

Carbon dfiulphide ii^b^zol. 62 

Carbon, free, in coal tar, 43 . 

in creos^ting liquof, 94^ 

Casein in milk, 249* 273 

in butter and margarAe# 254, 300^ 
Castor oil, 239 

Centrifugal methods, ^6, 97, 268 
•Chlorides in meat, 431 
ClergeVs formula, 385, 388, 393 
Coal, analyses of, 4, 12, 18 
ash in, 14 • 

calorific value of, 4, 30 
carbon in, 27 • 
classification of, 2 
coke from, 16, 38 
distillation of, 37 
elementary analysis of, 27 
gas from, 38 
hydrogen in, 27 
moisture in, 10 ‘ 
nitrogen in,* 20 
oxygen in, fg 

physical examination of, 35 
sampling of, 8 
specific gravity of, 4, 35 
sulphur in, 19 
tar from, 38 
water in, 10 
Coality, 19, 39 

Coal tar acids. See “ Carbolic add.^*' 
bases, 73, 96 
composition of, 38, 40 
, distfilation test, 45 
dyes, 37. 439. 445 

first runnings sAd light oils from, 48 
fr^carbofi in, 43 
sampling of, 
specific gravity of, 42 
Cocoa, 361 
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Cocoa, ash &, 361 

crude fibre iik 3^1 

extract from, 361; 362^ 

fat in, 115. 361 • , 

toicroscoplb exaijvinition of, 306, 362 • 

shell in, 313. 362 , • 

starch in, 306, 8*14, 362 

water in, 361 * 

Cpconut oil, 134, 138* * 39 * * 4 ® 
in lard, 160 
in margarine, 134, 166 
Cohune oil, 134 
Coke, analyses of, 12 
ash in, 14 
from coal, 16 
moisture in, 1 1 
ph3rsical examination, 35 
sampling of, 8 
sulphur in, 19 
water in, ii 

Colouring matter in butter, 301 

in foods and beverages, 439* 44 44 ® 
in mpgarine, 301 
in njieat, 445 
in nilk, 443 
in wine, 446 

Combustible residue from coal, 16 

Condensed m^, 291 ^ 

analyses of, 2912 ^ 

cane sugar in. Sie ** Sucrose.” 

carbohydrates in, 292, 391 

concentratibn of, 293 

fat in, 291 

lactose in, 292 

solids notrfat in, 291, 293 

Biibrose in, 293 ' 

sugars in, 292 

Cottqp oil, detection of, in oils and fats, 150, 160, iW 
Copper salts in foods, 440, 446 
Cracked oils, ^,^221 
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Oceam. » 47 . * 65 . *7o. * 79 . *«*,•' 
piteervativei in^ 410, 412 
Creoline. 86 
• Creo8ot€ oil, 85 

Creosoting»liquor aad its constituenis, 9# 

‘ bases in, 96* , 
distillation test, 94 
fluidity of, 93 
free carbon in, 94 
paraffins in, 97 
phenols in, 95 
speq^c gravity of, 93 • 
water in, 94 

Cresols (see also “ Ca^^fwlic add, crude ”), 77 
phenbls in, 81 
solidifying point of, 76, 84 
Cresylic acid (see also “ Carbolic acid, crude." and ‘ 
77, 81 

Crude fibre in cocoa, 328, 361 

in feeding stufls, 328, 363 
in flour, 321, 328 

Dextrin, 3P9. 3^ 

in starch syrup, 380, 381 
Dextrose, 368, 370. 37 * 

estimation of, b;? Fehling’s solu^tion, 373 
by hypoiodite, 370 
in presenefc of maltose, 3^8 
in^taroh syrup, 380, 381 
Diastase, 309. 347 . 357 . 358.*36o 
Diaststic activity of malt, 347, 354 ^ 

Digitonin method, 142 
Distillation, prodigJts of coal, 37 

test for carbolic add, 75» 82 
for coal tar, 45 • 

for credsoting liquor, 94 
far first runnings, 51 
for kerosene, taa 
for li^ht oils, 50 
for middle or carbolic oil, 73 # 94 


Phenols "), 
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Distillation, tesf for petrolf 216** 
for petroleum, 211 

Earth nut oil. ^ee Arac|us dll." 

Elemenlary analysis of toal, 27 
Engler distillation test Jor petrolsufti, 21 1 
Enzymes, action of, on^ugars [see also '* Diastase "), 388, 392, 395 
hydrolysis of fats by, in, 171 
in milk, 283, 287, 419 
Ergot, 339 

Extract of cocoa, 361, 362 

of infants’ foods» 359 
of malt, 350, 355 
Extractors, 87 


Fat, estimation of, 87, 113, 178 
in butter, 298 
in cocoa, 115, 361 
in Condensed milk, 291 
in feeding stuffs, 115, 363 
in flour, 115, 328 
in infants’ foods, 263, 360 
in oil cake, 1 13 f 
in margarine, 164, 166, 298, 301 
in milk, 247, 263;, 281, 282 
in soap, 178 , 

jn seeds, et(X, 113 

Fats. See " Eatty oil^ ’’ and*" Fats." 

Fatty afids, 108, 120, 138, 171 *' * 

in soap, 179, 182, i86,‘i92 
neutralisation value of, 193 
solidifying points of, 120, 148, 193 

,Frftty oils and fats, 108 ‘ « 

acid value of, no, 138 
^analysdk of, 148 
classification of, 112* 
detection and identification of, ^6 
(ester yalue of, 131 
estimation of, 87, 113' 178 
in lubricating oils, 237 
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Fatty oils and fats, iodine valu%*of. utd 

JKi^chncr value of, 13^ 
melting 4)oints*of, I18, 14? 
pjiysical ex2lmin|,tion of, 117 
phytosteryl acetate d:est for, 142 
Polensk# v^tlue of, 1^4 
preparation for analysis, 116 
lancidity of. Ill • 
refractive index of, 122 
Reichcrt-Meissl value of, 134 
saponification of, 108, 120, 171 
saponification valu# of, 13 1, 148 
specific gravity of, 118, 148 
titer test for, 120, 148 
unsaponifiable matter in, 141 
vegetable detection of, 142 
water in, 116, 2^8 
Feeding stufis,* 114, 363 

ash in, s 6 p 
crude fillip in, 328, 363 
fat in, X14, 363 
proteins in, 363 
starch in, 363 
water in, 363 

Fehling's solution, 277, 332, 356, 368, 373* 
Fermentation, alcoholic, 3*66, 395 ^ 

of milk, 251, 260, 283, 290 
of sugars, 251, 366* 371 
First runnings from coal tar, 4ft, 54 

* distillation test for, 51 
phenols in, 54 

, specific gravity of, 50 

Fish or blubber oift in rape oil, 162 
Flash jpoint of kerosene. 223 

of lubricating oils, 231 • 

Flours, acidity of, 328 
almp in, ^35 

analyses of. 318, 320, Sax. 334 
ash in, 322, 326 
bolting of, 322, 334 
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Flours, bran* in, *3 1 7, r 

calcium phosphate in, 338* 
cnlde fibre in, 321, 32^ 
damaged by moulds^ 339 
brgot in, 3^9 
fat in, 328 

gliadin and gluten in, 322, 323, 325 

in infanta' foods, 357, 358, 360 

leguminous, 307, 342 

mineral matter in, 335 

nitrogenous matter soluble in, 325 

offal in, 317, 319 , 

pentosans in, 322, 330, 335 

potato, 306, 341 

proteins in, 324 

rice, 306, 341 

sharps in, 319, 327 

starch in, 305, 322, fzy 

VKiter in, 326 

wheat, 318, 320, 321, 323, 340 
Fluorides in foods and beverages, 420, 421, 430, 431 
Formaldehyde in meat, 424 
in milk, ^27 

'Formic add in jam or /ruit juices, 436 
Free carbon in coal tal, 40, 43 

in creosotipg liquor, 94 
in miCidle or carbolic oil, 43, 73 
r'ructose d. also “ f-aevuloSe "), 370 
Fruit jukes {see also Wines "), <ormdc add in, 436 
Fubl oil, 39, 205, 243 
Furfural'from flour, etc., 330,^ 332, 334 
in spirit, 401 
FuM oil, 402 

Galusin, 309, 373, $82 
Gasoline, 295 * 

Gestalji test for cotton oil, 150 « 

Gerber method for fat in i&ilk, 269 
Gliadin, 322. 323, ^5 
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Gla^)0e conunerciaL See “ Stafch sjrup. ' 

(| Sm “ D^exteose.’’* 

Gluteiii 322, 323 , 

Golden syrup. Syrup.” . 

Gottlieb igethod for fat in milk, 263’ 

Grain, analyses of, 318, 320^321 
Grape sugar, analysis of, 382 
Ground nut oil Se% ** Aracbis oil.” 

Gun^pg’s modification of Kjeldahl method, 26, 27 

HaipiAen hexabromide teat for fish oils, 162 
test (modified) for cotton oil^ 150 
HAner method for glycerol in soap, 184 
test for fom^dehyde in milk, 417 
Hydrocarbdhs in carbolic acid, 75, 81 

in carbolic soap, etc., I95 
in lubricating oils, 237 
jn phenolic powders,*87 
Hydrogen in coal, 27 
Hydrogen peroxide in milk, 419 
Hydrogenated oils, I57* *73 

Hydrolysis of fats, 171 . 

of st»rch, 309. 348, 350. 354^359, 305 
of sugars, 368, 370, 371, 379 

IijPANTs’ foods, 294, 357**3^ 
ash in, 360 

diastase in, 357. 358. 360 
dried mill^in, g94. 358. 361 
extracts of,* 359 
fat in, 263, 360 
flours in, 358, 3^0* 

Ijydrolysed starch in, 359. 395 
lactose in, 296, 360, 394 
malted, 358, 361 
proteiw in, 360 
starch in, 310, 357. 358. 360 
sucrose in, 290, 394 ^ • 

sugafs in, 295, 358, 359. 394 
water in, 360 
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Invert sugai^from sucrose, ^66. ^o. 384 
estimation of, 383, 3^7, 389 , 

, ' in condensed mi^c, 291 , 

Invertase, 388, 392 
Ipdine falue, i26,*2^_ 

lodlbauer's modification of Kjeld^hf method, 27 

•* 

Jam, boric acid in, 427 • 
formic acid in, 436 

Kapok oil, 15 1 
Kerosene, 204, 221 

acid in, 226 
ash in, 226 

distillation test for, 222 
flash point of, 223 
impurities in, 225 
refinement degree\)f, 224 
•• specific gravity of, 223 
sulphur in, 225 

Kirschner value, 134, 164, 166 
Kjeldahl method for nitrogen, 20, 25 

in coal, 20 • 

Gunning modifications of, 26 
modifications of, to include ni> 
trates, 27 

Kreis and Roth teut for arachis oil, 157 

• * # 

» , 

Lactic ^d, 247, 254, 260 
Lactometers, 257 
Lactose,“25i, 276, 296, 360, 365 

in infants' foods, 29^, 360, 394 
, *• in milk, 276, 391 
Lsevulose, 368, 370, 372 
' estimation of, 389 
Lard, other 01^ and^ats in, 160 
^araftn wax in, 163 
Lauric^tdd, 140, 187 , 

Leaf material, starch in, 314 
Lecithin, 253 
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Lefimann and Beam, 271 
Legnminlus flours. 50^ 34 ^ 
Liebermann-Storch reaction* for rotin, 189, 241 
Light oils from coal ter, 48, 54 • 1 

• distillation tcst*for, 51 
phe^cte in, 54 * 
specific gravity Sf, 50 
petrdleum, 204 
in crude carbolic acid, 75 

Lignite, 6 

oil in lubricating oils, 243 

Lubricating greases, *36 

oil in, 237 
«oap in, 236 
water in, 237 

Lubricating oils, 226 

acidity of, 140, 23^ 

* ash in, 235 
asphalt in, 236 
classification of, 228 
deblooming agents in, 235 
fatty oils in, 237 
•flash point 0% 231 
formolite test for, 235 
gumming of, 235 
lignite oil in, 243 
rosin and rosin oil in, 241 
setting point of, 232 • 

soap in, ^ * 
specific gravity of, 233 
tar oil in, 242 « 

-s^cosity of, 230 
Vater in, 233 

LysoUSe, 199 

Malt, 347. * 

aci^li^ of, 349 
analysis of, 34^ 
ash in, 353 

diastatic activity of, 347. 354 
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Malt, extract from, 350. 35S 
mect^anical tesft, 34^ 
nitrogen in, 353 
sapcharificat^on test, 330 
sugar in, 353 
water in, 349 

Maltose, estimation of, *1^53, 374 

in presence of dextrbse, 378 
Maltose, fermentation of, 372 

in starch syrup, 380, 381 
Margarine, 166, 297 

benzoic acid iu, 416 
boric acid in, 299, 413 
casein in, 254, 300 
colour in, 301 
fat, 164, 166, 301 
fat in, 298 
preservatives in, 410 
proteins in, 254, 300 
salt in, 254, 299, 414 
solids not fat in, 298, 254 
water in, 116, 298 
^eat, boric acid in, 427W 
chlorides in, 431 
fluorides in, 430 
formaldehyde in, 424 
titrates in, 431 
preservatives in, 423 
sulphurous acid in, 428 
Melting |K)int8 of fats, iz8 

of unsaponiflable matter from fats, 145 
Bficroorganisms in food, 404 

in milk, 247, 253, 259, 283, 405I, 443 
yeasts, action of, on sugars, 392, 395 
mouVls, 1117283, 285, 39p 
Microscopic eiiamination of cocoa, 362 
of starches, 304 
of soap r^due, z88 

Middle oU, 72 

96 
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Middle oil. distillation test 9 -f 

• free carbon in, 43, 73 
naphthalene in, 73 

Milk, 245 

abn(Jrmal, 28^, 412 
acidity of, 260, 41 1 
Tjiulterated, 280 
ilbumin in, 273 
sddehyde figure of, 275 
ipalyses of, 246 
ash in, 252, 283, 41 1 
benzoic acid inf 415 
boric acid in, 412, 421 
casein m, 249, *73 
colour in, 443 

composition of, 246, 283, 296 
condensed. See “ Condensed jiilk.” 
cream deficiency in, 282 
decomposition of, 253, 259, 260, 283 
dirt and foreign matter, 253. 259 
dried, 265, 296, 358 

in infants’ foods, 294 
enzymes of? 283, 287, 41*9 
fat See ’’ Butter fat.” 
fat in, 247, 263, 281,^282 
fermentation of, 260, 283, 290 
test, 290 

fluorides in, 420, 421 


formaldehyde in, 417* 

^genuineness of, 280 
hydrogen peroxide in, 419 
lactic acid in# See " Acidity. 

lactose in, 2151, 276 ^ ,,q 

^croorganisins in, * 47 . * 53 . 
mineral matter in^(*M ^ ”)■ * 4 * 
normgl and abnormal, 283 
paBjunrisation of, 283 
^ tjBt for, 287 

powder. ” Dried milk.” 

preservatives in, 249, 272, 409 
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Milk, proteins itf, 249, 272 ( 
reductase test for, 288 
salicylic acid in, 415 
sampling 01^254 
sddain, 411 ' 

solids not fat in, ij8o, 281 
specific gravity cfi, 257 
sterilising of, 283' 
sugar. See " Lactose.” 
total solids in, 278, 279 
water in, 282 

Milliau’s test for cotton and kapok oils, 151 
Mineral matter in flour, 335 
in milk, 252 
Molasses, 383, 387 
Motor benzol, 71, 215, 217 

spirit {see also ” Petrol ”), 213 

Naphtenes, 203, 220 
Naphtha coal tar, 48 

petroleum {see also *' Petrol ”), 204, 213 
Naphthalene, 99 

bases in, t»oo 

^ in middle oil, 73 

phenols m, 100 

• tests for purity, 99 

Nitrates in meat, '431 

Nitrogefl by Kieldahl’^, method and its modifications, 20, 25, 27 
a 

One. cake {see also ” Feeding stuffs 114, 363 
Oils, fatty. See ” Fatty oil and fats.” 

Olefines in petrol, 221 
Ole'lc acid, 139 

Olive oil, other oils in, 150, 151, 152, 153, 158 
Oxygen in c; al, 27 ^ ^ 

'4 

Palm kernel oil, 134, 138, 139 
t inlird, i§o 

in margarine, 134, x66 
Palm oil, lax, "48 y 



Parai&n in fats, 131, 144, 1^3 
Farads iif anthraceilKs, 106 
in benzol, 38, 64 
in creosotin^ tiquor, 94 
in ^cylene, 70 
Pasteurisation, 283, 287 
Pea nut oil. See “Arachis oil." 

Pentoses, 322, 330 • 

iPetrol, t04, 213 

bgnzol in, 217 
distillation test for, 216 
foreign matter in, 215 
rosin oil in, 221 
specific; gravity bf, 214 
substitutes, 39, 71 
sulphur in, 215 
turpentine in, 221 

Petroleum, composition of, 202, 213 
crude, 202, 208 
distillation test, 21 1 
ether, 205 
light, 205 

naphthi {see also " f^etrol "), 2 < 9 ^, 213 

sediment in, 210 

specific gravity o|, 202, 210 

spirit. See " Petrol." 

si^phur in, 208 

i#ater in, 209 

Phenol, 78 

ki carbolic acid, pure, and its preparations, 78 
in cresylic acid or cresols, 81 • 

.solidifying pc^nt of, 76, 84 
Phenolic powders, pBenols in, 87 

preparations with soap, 198 
Phenols in carbolic soap, etc., 194, 290 
in crcpline, ]|j^sol, etc., 199 
in cyj||||>8oting liquor, 95 
in first running\and ligh*t oils, 54 
in naphthalene, 100 
in sheep dips, 199 
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Index 


Phloroglucinol meth(^ for pentosrns. 331 
l^olarimetiic methods, estimation of lactbsel 391 
of laevnlose, 389 
of starch*, 310 
of, starch syrup, 38^1 
' of sucrose, 370, 384 
Polenske value, 134, 164, 167, 193 

Potato, 306, 318, 341 
I^eservatives, 404 

in butter, 416 
in cream, 408 
in foods, 404, 421 
in margarine, 4x0 
in meat, 422 
in milk, 249, 27^, 409 

I Proteins, estimation by Kjeldahl method, and its nxodifications, 
20, 25, 27 < 
mbutter, 254, 300 
mkeding stuffs, 363 
in flour, 324 
in infants* foods, 360 
in malt, 353 
in margarine, 254, 300 
in milk, 24^, 272 
in stjfrch syrup, 380 


KANbcpiTY, III , 

Rape oil in ifibricatiifg oil, 237^ 

, in olive oil, 158 

, other oils in, 160, 162 
Reductase test for milk, 283 
Refractometers, 122 
Reichert Meissl value, 134 
Ronard tt^t (modified) iof arachis oil. 155 
Rice flour!fp6, 34* 

Rosin ac^s^in soap, 172, 179, 189 
in lubricating oil, 241 
R0& oil in petrof, 221 ** 

SACCBARunfriR^, 370, 384 



Saccharine in beverages, 435 
Saccharoi|eter8, 351. 369 
Saccharose. S$e " Sucrose." 

Salicylic acid in beer, etc., 4^3 
in milk. 415 
in wine, 433 

Salt in butter and margarine, ^54, 299. f^4 
Sampliiig of butter, 2^97 
of coal, 8 
of coal tar, 41 
of coke, 8 

of malt and barley, 344, 349 
of soap, 175 

Saponification of oils and fats, io8, 120, 171 
• value, 1 3 1. 237 
Separated milk, 247 

fat in, 247, 263, 270 
, in whole milk, 282# 
solids in, 278, 281 

Sesame oil in other oils, 152, 160, 161 

Sheep dips, 199 

Silicate in soap, 187 

Skim milk. Separated /nilk." 

Soap, 17 1 

alkali in, 182, 184, 186, 187, 
additions to, 175, 184, 187, 188 
analyses of, 193, 196 
carl^lic, 194 

clarification of, 174 ^ 

chlorides and sulphaWs in, 183 
Win, 178 

fatty acids from, 179, 186, 192 
glycerol in, 884 
in disinfectants, 198 
In lubricating greases, 236 
in lubricating oils, 235 
sampling oi 175 
faHia in, 184 
water in, 176 • 

Solidifying point of cresols and phenol, 76, 84 
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Solidifying fjoii^t of fatty acids*/ 20, 148, iy^j 

of \jjbricating oil (setting jpoint), 23^ 

Soxhlet eJttractor, 87 

f * • 

lactometer, 257 . ^ 

Specific gravity ol alcolj^ol ^nd water mixtures, 397 
^ of benzene and bencols, 55, 57 

of coal,* 4. 35 

of coal. tar, 42 , 

of creosoting liquor, 93 
of fatty oils and fats, 118, 148 
of first runnings from coal tar, 50 
of kerosene, 223 
of light oils from coal tar, 50 
of lubricating oils, 233 
of malt extract, 351 
of milk, 257 
of petrol, 214 
of petroleum, 202, 210 
^ of sugar solutions, 351, 366 

Sperm oil, 149, 257 
Spirit, raw, 400 

impurities in, 401 
Spirits, 399, 402 
, Starch, 303, 396 ^ 

detection of, ^4 

estimation of, 309, 310. 312 t 

hydrolysis of, *309. 348, 350, 354, 359. 365. 373. 378 
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j\i barlfcy, 346 * ^ ^ 

At cocoa, 306, 314, 361, 362 « 

\xi feeding stuffs, 363 

in flours, 305, 314, 3af2, 327 

in infants' foods, 310, 357, 358, 360 

in leaf material, 314 

in wpper, 306 

solul^le, 354® 

Starcl?>syn^,^379, 389 

ash in, 380 
analylis of. %io 
detection of, 389 
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Starch.syrup, dextrin in, 38o.^iri. 

dextrine ^n, 38(f 381 
estimation of, ^87 
gallisiivn, 309, 373, 3^ 
in sucrose syrup, 389 
maltose in, 3*. |8i 
optical activity of, 382 
organi(i matter in, 38 r 
proteins in, 380 
water in, 380 

Storch^est for pasteurisation, 287 
Sucrose, 368, 370, 38^ 

estimation of, 378, 384, 387, 391 
in condense(^milk, 293. 391 
in iftf ants' foods, 293 
in molasses, 384 
in sugar, 384 
in syrup or treacle, 384, 
reducing sugars in, 383 
Sugar, 382 

impurities in, 383, 384 
Sugars, 365 

estimation of, by biolo^gical methods, 371 

by Fehling’s solutio^, 368, 373, 374 
by hypoiodite, 370 < 
polafimetric, 369 
fermentation of, 371, 395 
hyAolysis of, 368, 370. 37^. 373 
in Condensed milk, ^93 • 
in infants' foods, 29^, 358, 359 
in malt, 353 , 

in milk, 251, 276, 293, 296. 360 
mutarotatkm of, 3^ 
optical activity of, 3^4* 37^ 

'reduction by, 368 
tests for, 372 • 

Sulphur in dbal an® coke, 19 
iJIbrosene, 225 
in petrol, 215* 
in petroleum, 208 
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Sulphuric acid test for beBSoIar 69 
fer kerosene, I24 

b ’ ^ I 

Culphurous acid in barley, 347 

• Jn meat, ^ne.^tc., 428 
/ 3 yrup’,*golden, 387 * 

Syrup or treacle, sucrose in, 384, ^ 
starch. See " slarch syrup.” 

Taka diastase, 312 
Tallow, 121 

Tar oils in lubricating oils, 242 
Titer test, 120, 148, 193, 

Toluene [see also *' Benzol ”). 56 
in benzol, 59 
Turpentine in petrol, 221 
Twitchell's reagent, 171 


Unsaponifiable matter iil'iatty oils, and fats, i«4i 

Valent a’ s dimethyl sulphate test, 98 
rosin oil test, 241 

Vegetable oils and fats, detection of, 142 
Ventzke saccharimete^, 384 • 

Vieth's lactometer, 2,57 

ratio for constituents of milk, 283 
Vpifttil fl combustible matter from coU, 16 

. • ^AlSk in barley, 345 

’in butter, 116, 298 
in coal, 10 
in cocoa,. 361 
in coke, 11 

in creosoting liquor, 94 
in crude carbolic »:id, 74, 85 
ii^eeding stuffs, §63 
in y^'ur, 326 
iff lubricating oil, 233 
in lubricat'ng g^^pqpe, 23*7 
in infants’ foods, 360 
in nyilt,^49 
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,^ater fc margarine, ii6, *9* - 
in lilUc, 282 
in petroleum, 209 
in soap. 176 ^ * 
in slirch syrup. 380 

Wemer-Schmidt method fona^in milk, ^66 
Westphal balance, 50 * 

,Wheat (see also “ Flofer ”), 318* 321 . 

Wheaf flour, 318, 320, 321, 323. 340 

• foreign flours in, 304. 323. 34° 
Wiley’s mercuric nitrate solution, 391^ 
Wii^aus’ digitonin nftthod, 142 
Wine, etc,, benzoic acid in, 433 
bpric acidWn, 427 
colouring matter in, 441 
fluorides in, 430 
preservatives in, 424 - 

saccharine in, 435 
salicylic acid in, 433 
sulphurous acid in, 428 


XvxBNE, 56, 69 

meta eltimation of, 70 
paraffins in, 70 

ylASTS, 25;. *85. 3«. 37*. 39». 395 
Zymasb. 


471 


; Moron ATT«* mnvswrry 









